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ISO-Iivn^iüNIZA.TION IN TNIi) HUmN SUÛJEGT TO THE 
^  BLOOD GROUP FACTORS A, B & Rh._________
The p r o c e s s  by iiîhich s p e c i f i c  a n t i b o d i e s  a r e  fo rm ed  i n  a n
i n d i v i d u a l  i n  r e s p o n s e  t o  s t i m u l a t i o n  by  a n  a n t i g e n  i s  c a l l e d
i m m u n i z a t i o n .  An a n t i g e n  w h ic h  i s  c o n t a i n e d  i n  some i n d i v i d u a l s
o f  a s p e c i e s ' m a y ,  u n d e r  s / u i t a b l e  c o n d i t i o n s ,  s t i m u l a t e  t h e
p r o d u c t i o n  o f  s p e c i f i c  a n t i b o d i e s  when i n j e c t e d  i n t o  o t h e r
i n d i v i d u a l s  o f  t h e  same s p e c i e s  who do n o t  a l r e a d y  p o s s e s s  t h e
a n t i g e n .  T h is  p r o c e s s  i s  c a l l e d  i s o - i m m u n i z a t i o n  and  t h e
a n t i b o d i e s  p ro d u ced  a r e  i s o - a n t i b o d i e s .
The f i r s t  e x p e r i m e n t s  on t h i s  s u b j e c t  were  made on a n i m a l s
( 6 )
by E h r l i c h  and M o rg e n ro th  who d i s c o v e r e d  t h a t  when one g o a t  was
i n j e c t e d  w i t h  t h e  b lo o d  o f  a n o t h e r  g o a t ,  immune i s o - h a e m o l y s i n s
(8 )
became a p p a r e n t  i n  i t s  se ru m .  i n  1933 I r w i n  and  H i l l  made
use  o f  t h e  phenomenon o f  i s o - i m m u n i z a t i o n  f o r  t h e  p u r p o s e  o f
s t u d y i n g  t h e  c e l l u l a r  i n d i v i d u a l i t y  o f  e r y t h r o c y t e s  i n  d o v e s .
Back c r o s s - h y b r i d s  w e re  j o i n e d  b y  p a r a b i o s i s  and i t  was fou n d
t h a t  e a c h  member o f  a p a i r  o f  p a r a b i o t i c  t w i n s  d e v e l o p e d
a n t i b o d i e s  a g a i n s t  t h e  e r y t h r o c y t e s  o f  t h e  o t h e r ,  due t o  m u tu a l
(3)
i s o - i m m u n i z a t i o n .  D i e n s t  f i r s t  s u g g e s t e d  t h a t  t h e r e  m igh t  be  
i s o - i m m u n i z a t i o n  w i t h i n  t h e  human s p e c i e s *  He s h m e à  t h a t  
f o l l o w i n g  p r e g n a n c y  i n  some c a s e s  t h e r e  was a n  i n c r e a s e  i n  t h e  
A n t i - A  o r  a n t i - B  i s o - a g g l u t i n i n  t i t r e  o f  t h e  m o th e r^ s  se rum  
when t h e  i n f a n t ’ s e r y t h r o c y t e s  c o n t a i n e d  a c o r r e s p o n d i n g  A o r  
B a g g l u t i n o g e n .
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( 13 ) '
l a n d s t e i n e r ,  L ev ine  and J a n e s  exam ined  t h e  s e r a  o f  7 
i n d i v i d u a l s  who had b e e n  r e p e a t e d l y  t r a n s f u s e d  w i t h  t h e  b lo o d  
o f  d o n o r s  o f  t h e  same g ro u p  a s  t h e i r  own.^ I n  two o f  t h e s e  c a s e s ,  
a f t e r  the '  t r a n s f u s i o n ,  i s o - a g g l u t i n i n s  d e v e lo p e d  i n  t h e  se ru m  o f
t h e  p a t i e n t  w h ic h  r e a c t e d  w i t h  t h e  b l o o d  g i v e n .
( 18 )
A c a s e  was d e s c r i b e d  by  N e t e r  i n  w h ic h  a n  immune
i s o - a g g l u t i n i n  and  i s o - h a e r n o l y s i n  a p p e a r e d  i n  t h e  r e c i p i e n t ’ s
serum  a f t e r  a b lo o d  t r a n s f u s i o n .  A t  37^0 t h e  f r e s h  se rum  o f
t h i s  p a t i e n t  haerno lysed  c e r t a i n  o t h e r  b l o o d s  o f  t h e  same
g ro u p  and when i n a c t i v a t e d  t h e  se rum  gave a g g l u t i n a t i o n
r e a c t i o n s .  A t  low t e m p e r a t u r e s  o n ly  weak a g g l u t i n a t i o n  was
(33)
o b t a i n e d .  I n  t h e  same y e a r ,  Zacho i n v e s t i g a t e d  a t r a n s f u s i o n  
r e a c t i o n  and d e m o n s t r a t e d  t h e  p r e s e n c e  o f  a n  immune a t y p i c a l  
a n t i b o d y  i n  t h e  se rum  o f  t h e  r e c i p i e n t .
The human e r y t h r o c y t e  c o n t a i n s  many a n t i g e n i c  s u b s t a n c e s  
o r  a g g l u t i n o g e n s  i n  i t s  c e l l  e n v e l o p e .  The w e l l - k n o w n  
a g g l u t i n o g e n s  a r e  A ,  B, 0 ,  M, N and Rh and  t h e i r  c o r r e s p o n d i n g  
a g g l u t i n i n s  a r e  t e rm e d  a n t i - A ,  a n t i - B ,  a n t i - 0 ,  a n t i - M ,  a n t i - N  
and a n t i - R h  r e s p e c t i v e l y .  The a n t ï - A  and  a n t i - B  i s o - a g g l u t i n i n s  
a r e  fou n d  i n  b o t h  n a t u r a l  and  immune f o r m .  I n d i v i d u a l s  
b e l o n g i n g  t o  g r o u p s  A and 0 , e x c e p t  i n  e x t r e m e l y  r a r e  c a s e s ,  
p o s s e s s  a n a t u r a l l y - o c c u r r i n g  a n t i - B  i s o - a g g l u t i n i n  and 
s i m i l a r l y  i n d i v i d u a l s  b e l o n g i n g  t o  g r o u p s  B and 0 p o s s e s s  a 
n a t u r a l l y - o c c u r r i n g  a n t i - ^  i s o - a g g l u t i n i n  i n  t h e i r  s e r a .  Under 
c e r t a i n  c o n d i t i o n s  when s t i m u l a t e d  by t h e  homologous a g g l u t i n o g e n  
immune a n t i - A  and a n t i - B  i s o - a g g l u t i n i n s  a r e  p r o d u c e d .  The
—  3 —
a n t i - M  and a n t i - N  i s o - a g g l u t i n i n s  do n o t  u s u a l l y  o c c u r  i n  a
n a t u r a l  fo rm  and  o n ly  r a r e l y  do i n d i v i d u a l s  become immunised t o
(V)
t h e s e  f a c t o r s ,  ( P a t e r s o n ,  Race and T a y l o r . )  The a n t i - R h  i s o -
(2 )
a g g l u t i n i n s  w i t h  one e x c e p t i o n  (Diamond) a r e  immune a g g l u t i n i n s  
w h i c h ,  i n  c e r t a i n  c i r c u m s t a n c e s ,  a r e  p rod u ced  i n  t h e  s e r a  o f  Rh 
n e g a t i v e  i n d i v i d u a l s ,  ( i . e .  i n d i v u a l s  who l a c k  Rh a g g l u t i n o g e n  
i n  t h e i r  e r y t h r o c y t e s ) .
The o b j e c t  o f  t h i s  p r e s e n t  w ork  i s  t o  s t u d y  immune r e s p o n s e s  
i n  t h e  human s u b j e c t .  As f a r  a s  p o s s i b l e  t h e  t i t r e s  o f  t h e  
immune i s o - a g g l u t i n i n s  have  b e e n  d e t e r m i n e d  b o t h  b e f o r e  and  
a f t e r  s t i m u l a t i o n  by t h e  homologous a g g l u t i n o g e n  and h a v e  b e e n
I
t r a c e d  t o  t h e  p e ak  o f  t h e  r e s p o n s e  and  t h r o u g h o u t  a s u b s e q u e n t  
d e c r e a s e  t o  a p p r o x i m a t e l y  t h e  p r e s t i m u l a t i o n  l e v e l .  The work  
i s  d i v i d e d  i n t o  s e c t i o n s  a c c o r d i n g  t o  t h e  s o u r c e  o f  t h e  
q g g l u t i n o g e n s  p r o v i d i n g  t h e  s t i m u l u s  f o r  t h e  immune r e s p o n s e .
S e c t i o n  (A) d e s c r i b e d  immune r e s p o n s e s  p ro d u ce d  a f t e r  
t r a n s f u s i o n  of  i n c o m p a t i b l e  b l o o d .  I n  t h e s e  c a s e s  th e  
s t i m u l a t i n g  a g g l u t i n o g e n , i s  c o n t a i n e d  i n  t h e  t r a n s f u s e d  
e r y t h r o c y t e s .
S e c t i o n  (B) d e s c r i b e s  immune r e s p o n s e s  a f t e r  t r a n s f u s i o n  
of  s e r a  w h ic h  c o n t a i n  t h e  a g g l u t i n o g e n  i n  a s o l u b l e  f o r m .
I n  S e c t i o n  (C) t h e  immune r e s p o n s e  i s  due t o  a f o e t u s  i n  
u t e r o  and immune i s o - a g g l u t i n i n s  s p e c i f i c  f o r  t h e  i n f a n t ’ s 
e r y t h r o c y t e s  a r e  p ro d uced  i n  t h e  m o t h e r ’ s s e ru m .
S e c t i o n  (D) d e s c r i b e s  immune r e s p o n s e s  f o l l o w i n g  a d o u b le  
s t i m u l a t i o n  w h ic h  i s  p r o v i d e d  by b o t h  a b lo o d  t r a n s f u s i o n  and a
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f o e t u s  i n  u t e r o .
S e c t i o n  (E) d e s c r i b e s  a n  e n t i r e l y  new phenomenon,  t h e  
a c t i v a t i o n  o f  immune i s o - a g g l u t i n i n s  by a f a c t o r  c o n t a i n e d  i n  
human se r u m .
EXPERIMENTAL METHODS.
C o l l e c t i o n  o f  Serum S a m p l e s . The se ru m  t o  be  t i t r a t e d  was o b t a i n e d
f ro m  a sample  o f  b lo o d  w i t h d r a w n  f r o m  t h e  p a t i e n t ’ s arm  by  means o f
a d r y  s t e r i l e  s y r i n g e . The b lo o d  was t h e n  a l l o w e d  t o  c l o t  and  t h e  
se rum  s e p a r a t e d  f r o m  t h e  r e d  c e l l s .  I f  i t  was n o t  p o s s i b l e  t o  
t i t r a t e  t h e  se rum  i n  a f r e s h  s t a t e  i t  was f r o z e n  s o l i d  a t  50P .  u n t i l  
r e q u i r e d .
D e t e r m i n a t i o n  o f  Blood G roup .  The method a d o p t e d  f o r  d e t e r m i n i n g
' (25)
th e  ABO g ro u p  o f  e r y t h r o c y t e s  was t h a t  o f  T a y l o r  e t  a l .  A
s u s p e n s i o n  o f  t h e  b lo o d  t o  be  g ro u p ed  ( a p p r o x i m a t e l y  5^  i n  t e r m s  o f
whole  b l o o d )  was made i n  3.85? sod ium  c i t r a t e  s o l u t i o n .  One volume
of t h i s ,  a s  m easu red  w i t h  a p a s t e u r  p i p e t t e ,  was p l a c e d  i n  e a c h  o f
two p r e c i p i t i n  t u b e s .  Tb one was a d d e d  two vo lum es  of  a n t i - A  se rum
and t o  t h e  o t h e r  two vo lum es  o f  a n t i - B  se ru m .  . (Se ra  d i l u t e d
1 i n  2 w i t h  s a l i n e  were  u se d  i n  o r d e r  t o  r e d u c e  r o u l e a u x  f o r m a t i o n ) .
The t u b e s  were  s h a k e n  and a l l o w e d  t o  s t a n d  f o r  2 h o u r s  a t  room
t e m p e r a t u r e .  The r e s u l t s  w e re  r e a d  by  t a p p i n g  t h e  t u b e s  s h a r p l y
w i t h  t h e  f i n g e r  and  r e c o r d i n g  t h e  p r e s e n c e  o r  a b s e n c e  o f
a g g l u t i n a t i o n .  Tubes i n  w h ic h  no a g g l u t i n a t i o n  was a p p a r e n t
r a a c r o s c o p i c a l l y  w ere  c h e c k e d  by making a smear  o f  t h e i r  c o n t e n t s
i *
on a s l i d e  and  e x a m in in g  m i c r o s c o p i c a l l y .  To c o n f i r m  t h e  g o u p in g  
o f  t h e  e r y t h r o c y t e s  a c r o s s - g r o u p i n g  t e s t  was a l s o  c a r r i e d  o u t  on
-  5 -  .
t
t h e  b lo o d  s e r u m .  E q u a l  vo lum es  o f  t h e  se ru m  and  s t a n d a r d  r e d  
c e l l s  o f  g r o u p s  A and B w ere  mixed and a l l o w e d  t o  s t a n d  f o r  a t  
l e a s t  two h o u r s .  The r e a d i n g s  o f  t h i s  t e s t  w ere  made w i t h  
t h e  naked  e y e ,
D e t e r m i n a t i o n  o f  Rh t y p e . The e r y t h r o c y t e s  were  a lw a y s  t e s t e d  
a g a i n s t  3 a n t i - R h  t y p i n g  s e r a . '  A s u s p e n s i o n  o f  e r y t h r o c y t e s
was mixed w i t h  a n  e q u a l  q u a n t i t y  o f  e a c h  a n t i - s e r u m  i n  s m a l l  
p r e c i p i t i n  t u b e s  and i n c u b a t e d  a t  3V°C. ,  f o r  2 t o  3 h o u r s .  When 
r e a d i n g  t h e  t e s t s  t h e  c o n t e n t s  o f  e a c h  t u b e  w e re  t r e a t e d  w i t h  
g r e a t  c a r e  and  g e n t l e n e s s  owing t o  t h e  e a s e  w i t h  w h ic h  Rh 
a g g l u t i n a t i o n  i s  b r o k e n  down by  r o u g h  h a n d l i n g .  The t u b e s  
w e re  n e v e r  s h a r p l y  t a p p e d ,  b u t  some o f  t h e  s e d i m e n t  was g e n t l y  
removed by  rreans o f  a p a s t e u r  p i p e t t e  and  p l a c e d  on  a m ic r o s c o p e  
s l i d e  w i t h  o n l y  t h e  minimum amount  of  s p r e a d i n g .  The r e a d i n g  o f  
t h e  a g g l u t i n a t i o n  on s l i d e s  p r e p a r e d  i n  t h i s  manner i s  som e t im es  
a l i t t l e  d i f f i c u l t  owing t o  t h e  f a c t  t h a t  c a r e f u l  m a n i p u l a t i o n  o f  
t h e  c e l l  s e d i m e n t  t e n d s  t o  c a u s e  t h e  c e l l s  t o  c l i n g  t o g e t h e r  i n  
’’d r i f t s ” and  " n e s t s ” w h i c h ,  when exam ined  s u p e r f i c i a l l y ,  may be  
m i s t a k e n  f o r  g e n u i n e  a g g l u t i n a t i o n .  However ,  when t h e  w o r k e r  
becomes e x p e r i e n c e d ,  t h e r e  i s  no d i f f i c u l t y  i n  d i s t i n g u i s h i n g  b e tw e e n  
t h e s e  phenomena and t r u e  a g g l u t i n a t i o n .
T e c h n iq u e  o f  T i t r a t i o n  o f  I s o - a g g l u t i n i n s . The method of
p e r f o r m i n g  a n d  r e a d i n g  t h e  t i t r a t i o n s  was s i m i l a r  t o  t h a t  d e s c r i b e d
(23)
by T a y l o r  and I k i n .  T i t r a t i o n s  w e re  c a r r i e d  o u t  i n  2 x
r o u n d - b o t t o m  p r e c i p i t i n  t u b e s .  A . 86^  s o l u t i o n  o f  sod ium  c h l o r i d e
— 6 —
i n  d i s t i l l e d  w a t e r  was u s e d  a s  d i l u e n t .  The u n i t  volume em p loy ed  
f o r  t h e  t i t r a t i o n  was m e a s u r e d  by  means o f  a P a s t e u r  p i p e t t e  and  was 
e q u a l  t o  . 0 4  c . c .  a p p r o x i m a t e l y .  The s t a n d a r d  r e d  c e l l s  n e c e s s a r y  
were  o b t a i n e d  f r o m  t h e  same d o n o r s  t h r o u g h o u t  and  w ere  a lw a y s  l e s s  
t h a n  24 h o u r s  o l d  when u s e d .  A 2% s u s p e n s i o n  o f  r e d  c e l l s  i n  
3 . 8 % sod iu m  c i t r a t e  was u s e d  f o r  t h e  t i t r a t i o n s .  The c e l l  s u s p e n s i o n  
was n o t  made u p  a c c u r a t e l y  b u t  j u d g e d  by e y e .
'%0 p r e c i p i t i n  t u b e s  were p l a c e d  i n  ro w s  i n  s m a l l  wooden
b l o c k s .  The number o f  t u b e s  i n  e a c h  row v a r i e d  a c c o r d i n g  t o  t h e  
e x p e c t e d  l e n g t h  o f  t h e  t i t r a t i o n .  Each t i t r a t i o n  was p e r f o r m e d  
i n  d u p l i c a t e .  The se rum  d i l u t i o n s  w ere  made by p l a c i n g  one 
volume o f  d i l u e n t  i n  e a c h  tu b e  o f  a row e x c e p t  t u b e  1 , an d  one 
volume o f  t h e  se rum  t o  be t i t r a t e d  i n  t u b e s  1 a n d  2 . Tube 2 ,  
t h e r e f o r e ,  c o n t a i n e d  two v o lu m e s  o f  f l u i d .  The c o n t e n t s  o f  
t h i s  t u b e  w ere  t h o r o u g h l y  m ixed  by q u i c k l y  d r a w in g  t h e  f l u i d  u p  
and  down w i t h i n  t h e  s t e m  o f  t h e  P a s t e u r  p i p e t t e .  One vo lum e o f  
t h e  c o n t e n t s  was t h e n  w i t h d r a w n  and p l a c e d  i n  t u b e  3 a n d  t h e  p r o c e s s  
r e p e a t e d  a l o n g  t h e  e n t i r e  r o w ,  one vo lume f r o m  t h e  l a s t  t u b e  b e i n g  
d i s c a r d e d .  'The r e s u l t  was a s e r i e s  o f  s e ru m  d i l u t i o n s  w h i c h  were  
d o u b l e d ,  a t  e a c h  s t a g e .  An e q u a l  volume o f  t h e  a p p r o p r i a t e  r e d  
c e l l  s u s p e n s i o n  was a d d e d  t o  e a c h  se rum  d i l u t i o n  a n d  t h e  t u b e s
were  t h e n  s h a k e n  t o  make t h e  s u s p e n s i o n s  e v e n .  The t i t r a t i o n s
w ere  r e a d  a f t e r  s t a n d i n g  f o r  2 h o u r s  a t  room t e m p e r a t u r e .  T a b le  
I  shows some t y p i c a l  t i t r e s  o f  i s o - a g g l u t i n i n s  and  t h e  m e th o d  o f  
s c o r i n g  t h e  s t r e n g t h  o f  a r e a c t i o n  i s  i n d i c a t e d  i n  t h e  f o o t n o t e  t o  
t h i s  t a b l e .  H e a d i n g s  were  made a f t e r  t h e  c e l l  d e p o s i t  h a d  b e e n  
d i s p e r s e d  by t a p p i n g  t h e  t u b e  s h a r p l y  two o r  t h r e e  t i m e s  w i t h  t h e
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f i n g e r .  No r e a c t i o n  was s c o r e d  a s  n e g a t i v e  u n t i l  i t  had b e e n  
e x a m i n e d ^ m i c r o s c o p i c a l l y .  F o r  t h i s  p u r p o s e  a d r o p  o f  t h e  c o n t e n t s  
o f  t h e  t u b e  was s p r e a d  e v e n l y  o v e r  a m ic r o s c o p e  s l i d e  and  e x a m in e d .
The t i t r e  o f  a se rum  i s  d e n o te d  b y  t h e  r e c i p r o c a l  o f  t h e  
g r e a t e s t  d i l u t i o n  a t  w h ic h  a g g l u t i n a t i o n  o c c u r s .
The e x p e r i m e n t a l  e r r o r  o f  t h i s  t e c h n i q u e  i n  t h e  h a nd s  o f  a n  
i n e x p e r i e n c e d  worked i s  u s u a l l y  n o t  more t h a n  one d i l u t i o n ,  i n  
s p i t e  o f  t h e  f a c t  t h a t  t h e  u n i t  volume employed i s  v e r y  s m a l l .
T ab le  I  shows f o u r f o l d  t i t r a t i o n s  o f  t h e  same A n t i - A  and A n t i - B  
i s o - a g g l u t i n i n s  p e r f o r m e d  by  two d i f f e r e n t  w o r k e r s .  I t  c a n  be s e e n  
t h a t  t h e r e  i s  v e r y  good a g r e e m e n t  b o t h  b e tw e e n  t h e  f o u r  t i t r a t i o n s  
o f  e a c h  a g g l u t i n i n  c a r r i e d  o u t  by  t h e  same w o r k e r  and  b e tw e e n  th e  
t i t r a t i o n s  of  e a c h  w o r k e r .
The t i t r a t i o n  v a l u e s  a r e  h i g h e r  t h a n  t h o s e  o b t a i n e d  when t h e  
s e r i a l  d i l u t i o n s  a r e  made w i t h  s t a n d a r d  g r a d u a t e d  p i p e t t e s  u s i n g  a 
s e p a r a t e  p i p e t t e  f o r  e a c h  d i l u t i o n .  T h i s  i s  b e c a u s e  u s i n g  t h e  P a s t e u r  
p i p e t t e  method t h e r e  i s  a s l i g h t  c a r r y - o v e r  f r o m  t u b e  t o  t u b e ,  w h ic h  
i s  t o  be e x p e c t e d  when one p i p e t t e  i s  u se d  f o r  t h e  w hole  t i t r a t i o n .
F o r  t h i s  i n v e s t i g a t i o n ,  h o w e v e r ,  t h i s  was u n i m p o r t a n t  f o r  when 
t i t r a t i n g  i s o - a g g l u t i n i n s  t o  f o l l o w  a n  imiîiune r e s p o n s e  t h e  t i t r e s  
a r e  a lw a y s  c o m p a r a t i v e .
M o d i f i c a t i o n  o f  T ec h n iq u e  f o r  T i t r a t i o n  o f  A n t i - R h  A g g l u t i n i n s .
' A s l i g h t l y  d i f f e r e n t  t e c h n i q u e  was employed  f o r  t h e  t i t r a t i o n s
o f  a n t i - R h  i s o - a g g l u t i n i n s .  Each s e ru m  was t i t r a t e d  a g a i n s t  s t a n d a r d
Rh p o s i t i v e  e r y t h r o c y t e s  f r o m  two i n d i v i d u a l s ,  one of whom b e lo n g e d
(19)
t o  s u b - g r o u p  Ah^Rhi (Race and  T a y l o r )  and  t h e  o t h e r  t o  s u b - g r o u p
(2 0 )
Rhg (Race ,  T a y l o r ,  Boort ian  and  D o d d ) ,  C o n t r o l  t u b e s  c o n t a i n i n g
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t h e  se ru m  a g a i n s t  Rh n e g a t i v e  e r y t h r o c y t e s  f r o m  2 d o n o r s  w ere  i n c l u d e d  
i n  e a c h  t i t r a t i o n .  The t i t r a t i o n s  w e re  i n c u b a t e d  a t  f o r  2 t o  3
h o u r s  and  t h e n  t h e  r e a c t i o n s  r e a d ,  t a k i n g  t h e  same p r e c a u t i o n s  a s  f o r  
Rh t y p i n g .  T a b le  l a  shows t h e  t i t r a t i o n  o f  a n  a n t i - R h  a g g l u t i n i n  i n  
t r i p l i c a t e  c a r r i e d  o u t  by t h e  same two w o r k e r s  a s  i n  T a b le  I .  The 
f o o t n o t e  t o  T a b le  I  i n d i c a t e s  t h e  manner  i n  w h ic h  t h e  s t r e n g t h  o f  t h e  
a g g l u t i n a t i o n  r e a c t i o n  was r e c o r d e d .  Most of  t h e  s e r a  i n v e s t i g a t e d  
showed h i g h e r  t i t r a t i o n  v a l u e s  w i t h  e r y t h r o c y t e s  o f  s u b - g r o u p  Rhg 
t h a n  w i t h  t h o s e  o f  s u b - g r o u p  R h i R h i ,  a l t h o u g h  a n  o c c a s i o n a l  se ru m  
was fo u n d  i n  w h ic h  t h e  t i t r e  was h i g h e r  w i t h  t h e  l a t t e r .  The m a j o r i t y  
o f  ^ n t i - R h  i s o - a g g l u t i n i n  t i t r e s  r e c o r d e d  i n  t h i s  w o rk  a r e  t h o s e  
o b t a i n e d  w i t h  Rhg e r y t h r o c y t e s ,
C o m p a r i so n  b e t w e e n  T i t r a t i o n s  o f  a Serum u s i n g  Red C e l l s  t a k e n  f r o m
t h e  same d o n o r  on d i f f e r e n t  d a y s
As m e n t io n e d  abow, t h e  r e d  c e l l s  n e c e s s a r y  f o r  t h e  t i t r a t i o n s  
w ere  a lw a y s  o b t a i n e d  f r o m  t h e  same d o n o r s  t h r o u g h o u t  t h e  e x p e r i m e n t s ,
rvioLMy
T h is  n e c e s s i t a t e d  b l e e d i n g  t h e  d o n o r s  on se-ve i 4 -l d i f f e r e n t  o c c a s i o n s .  
T h e r e f o r e  i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e r e  was a s e r i o u s  v a r i a t i o n  
i n  t h e  a g g l u t i n a b i l i t y  o f  r e d  c e l l s  w i t h d r a w n  on d i f f e r e n t  d a y s ,  a 
s i n g l e  A n t i - A  se ru m  was t i t r a t e d  a g a i n s t  r e d  c e l l s  t a k e n  f r o m  t h e  same 
g r o u p  A d o n o r  on 4 s u c c e s s i v e  o c c a s i o n s .  The r e s u l t s  o f  t h i s  
e x p e r i m e n t  a r e  shown i n  T ab le  l b .  The end  p o i n t s  o f  t h e  t i t r a t i o n s  
v a r y  s l i g h t l y  b u t  n o t  en ou g h  t o  be  s i g n i f i c a n t  o f  a n y  chang e  i n  t h e  
a g g l u t i n a b i l i t y  o f  t h e  r e d  c e l l s  on t h e  d i f f e r e n t  o c c a s i o n s .  I t  
s h o u l d  be a d d e d  t h a t  t h e  e x p e r i m e n t  was c a r r i e d  o u t  w i t h i n  a p e r i o d  
o f  8 d a y s .
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INHIBITION TECHNIQUE FOR ESTIMATION OF SERTO AGGLUTINOGEII.
To o b t a i n  some i d e a  o f  t h e  a m o u n ts  o f  s o l u b l e  A o r  B
a g g l u t i n o g e n  p r e s e n t  i n  s e r a  o f  p e r s o n s  b e l o n g i n g  t o  g r o u p s  A a n d  B
i n h i b i t i o n  t e s t s  w e re  p e r f o r m e d .  These  t e s t s  w e re  b a s e d  o n ' t h e
a b i l i t y  o f  t h e  A and  B a g g l u t i n o g e n s  t o  i n h i b i t  s p e c i f i c a l l y  t h e
c o r r e s p o n d i n g  a n t i - A  and  a n t i - B  a g g l u t i n i n s .
E q u a l  p a r t s  of  t h e  se rum  t o  be  t e s t e d  an d  t h e  a p p r o p r i a t e
a h t i - s e r u m  w e re  m ix e d .  The m i x t u r e  and  t h e  o r i g i n a l  a n t i - s e r u m
w e re  t h e n  t i t r a t e d  a n d  t h e  t i t r a t i o n  v a l u e s  o b t a i n e d  w ere  c o m p a r e d .
<^ c|,ac.Jy to , C o n t a i n e d
The i n h i b i t i o n  o f  t h e  t 4 to e -  o f  t h e  a n t i - s e r u m ^ b y  t h e  a g g l u t i n o g e n / i n
t h e  t e s t  s e ru m  was e x p r e s s e d  a s  a n  i n h i b i t i o n  i n d e x .  The
i n h i b i t i o n  i n d e x  i s  t h e  number of  t i m e s  t h e  o r i g i n a l  t i t r e  o f  t h e
a n t i - s e r u m  i s  r e d u c e d ,  e . g .  a n  i n h i b i t i o n  i n d e x  o f  8 i n d i c a t e s  t h a t
t h e  t i t r e  h a s  b e e n  r e d u c e d  t o  o n e - e i g h t h  o f  i t s  o r i g i n a l  v a l u e .
-  10 -
SECTION (A)
PRODUCTION OF IM-iUNE ISO-AGGLUTININS AS A RESULT 
OF TRANSFUSION OF INCOMPATIBLE BLOOD________
1 . P r o d u c t i o n  o f  iKimune A n t i - A  and  A n t i - B  I s o  a g g l u t i n i n s  a f t e r  
T r a n s f u s i o n  o f  Blood c o n t a i n i n g  A g g l u t i n o g e n s  A and  B .
Only a few a c c o u n t s  o f  i n c o m p a t i b l e  b lo o d  t r a n s f u s i o n
i n  t h e  l i t e r a t u r e  m e n t i o n  t h e  acc o m p a n y in g  c h a n g e s  i n  i s o -
(2 2 )
a g g l u t i n i n  t i t r e .  R /  d e s c r i b e s  t h e  c a s e  o f  p a t i e n t  o f
g ro u p  C who r e c e i v e d  500 c . c .  of g r o u p  A b l o o d .  The a n t i - A
i s o - a g g l u t i n i n  i n c r e a s e d  c o n s i d e r a b l y  i n  t h e  p e r i o d  f o l l o w i n g
th e  t r a n s f u s i o n .
. . (31)
V/fclner e t  a l . ,  have  g i v e n  d e t a i l s  o f  two c a s e s .  I n  t h e
f i r s t  c a s e  t h e  p a t i e n t  b e l o n g e d  t o  g r o u p  0 and  was t r a n s f u s e d  
w i t h  500 c . c .  o f  g r o u p  B b l o o d .  The t i t r e  o f  t h e  a n t i - A  
i s o - a g g l u t i n i n  r e m a in e d  a l m o s t , c o n s t a n t  a t  a p p r o x i m a t e l y  3 2 ,  
w h i l e  t h e  t i t r e  o f  t h e  a n t i - B  i s o - a g g l u t i n i n ,  w h i c h  was o n l y  
1 two h o u r s  a f t e r  t h e  t r a n s f u s i o n ,  r o s e  t o  512 by  t h e  t h i r t e e n t h  
d a y  a f t e r  t h e  t r a n s f u s i o n .  The i n i t i a l  low t i t r e  o f  t h e  a n t i - B  
i s o - a g g l u t i n i n  was no d o u b t  due t o  t h e  a b s o r p t i o n  o f  t h i s  i s o ­
a g g l u t i n i n  by  t h e  i n j e c t i o n  B b l o o d  and t h e  s u b s e q u e n t  r i s e  was a n  
immune r e s p o n s e  t o  s t i m u l a t i o n  by  t h e  B a g g l u t i n o g e n .  On t h e  
t w e n t y - f o u r t h  day  a f t e r  thB t r a n s f u s i o n  t h e  t i t r e  was s t i l l  5 1 2 .
I n  th e  seco n d  c a s S ,  w here  a g r o u p  A p a t i e n t  was g i v e n  300 
c . c .  o f  g r o u p  AB b l o o d ,  t h e r e  was a s i m i l a r  r i s e  i n  t h e  t i t r e  o f  
t h e  a n t i - B  i s o - a g g l u t i n i n ,  b u t  t h e  c?ianges w e re  n o t  so  c l o s e l y  
o b s e r v e d .
(17) . •
M o l l i s o n  and  Young hav e  r e c o r d e d  i n  d e t a i l  t h e  i s o ­
a g g l u t i n i n  c h a n g e s  f o l l o w i n g  t h e  t r a n s f u s i o n  o f  540 c . c .  o f  b l o o d
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o f  g r o u p  B t o  a r e c i p i e n t  o f  g ro u p  0 .  They showed a n  a n t i - B  t i t r e  
o f  2 e i g h t  h o u r s  a f t e r  t h e  t r a n s f u s i o n ,  r i s i n g  t o  t h e  e x t r e m e l y  h i g h  
l e v e l  o f  2 6 2 ,1 4 4  a t  t h e  t e n t h  d a y , ‘ g r a d u a l l y  f a l l i n g  t o  128 by  t h e  
f i f t y - s e c o n d  d a y .
(4 )
R e c e n t l y ,  a s i m i l a r  c a s e  h a s  b e e n  r e p o r t e d  by  Drummond i n  w h ic h  
a n  immune a n t i - A  i s o - a g g l u t i n i n ,  r e a c h i n g  a t i t r e  o f  2 5 , 6 0 0  on t h e  
f i f t e e n t h  d a y ,  was p ro du ced  i n  a g r o u p  B i n d i v i d u a l  f o l l o w i n g  a n  
i n c o m p a t i b l e  t r a n s f u s i o n  of  b lo o d  o f  g r o u p  A.
I n  t h e  f o l l o w i n g  c a s e s  v a r y i n g  am ounts  o f  b lo o d  o f  i n c o m p a t i b l e  
ABO g r o u p  were  I n a d v e r t e n t l y  t r a n s f u s e d ,  t h u s  a f f o r d i n g  a n  o p p o r t u n i t y  
f o r  s t u d y i n g  t h e  e f f e c t  o f  t h e s e  t r a n s f u s i o n s  on th e  i s o - a g g l u t i n i n s  i n  
t h e  s e r a  o f  t h e  p a t i e n t s  c o n c e r n e d .  I n  some of  th e  c a s e s  t h e  d a t a  
a r e  i n c o m p l e t e  owing t o  t h e  d i f f i c u l t y  o f  o b t a i n i n g  s a m p le s  o f  b lo o d  
and o f t e n  i t  was i m p o s s i b l e  t o  r e c o r d  p r e t r a n s f u s i o n  t i t i ? e s  a s  
a t t e n t i o n  was n o t  drawn t o  t h e  p a t i e n t  u n t i l  a f t e r  t h e  t r a n s f u s i o n  had 
b e e n  g i v e n .
A summary o f  t h e  f i n d i n g s  i s  shown i n  T a b l e  I I .  I n  a l l  c a s e s  
t h e r e  was a s p e c i f i c  immune r e s p o n s e  t o  t h e  t r a n s f u s e d  b lo o d  d e n o t e d  
by a n  i n c r e a s e  i n  t i t r e  e i t h e r  o f  t h e  a n t i - A  o r  a n t i - B  i s o - a g g l u t i n i n  
a c c o r d i n g  t o  w h e t h e r  t h e  t r a n s f u s e d  e r y t h r o c y t e s  c o n t a i n e d  t h e  A o r  
B a g g l u t i n o g e n .
I n  c a s e  1, i n  w h ic h  a s m a l l  amount  of g r o u p  AB b lo o d  was g i v e n  
t h e r e  was a n  i n c r e a s e  i n  t i t r e  o f  b o t h  t h e  a n t i - A  and t h e  a n t i - B  i s o ­
a g g l u t i n i n s .  By t h e  e i g h t h  day  a f t e r  t r a n s f u s i o n ,  t h e  a n t i - A  i s o ­
a g g l u t i n i n  t i t r e  had r i s e n  t o  1 ,0 0 0  and  t h e  a n t i - B  t o  5 1 2 .  Owing t o
t h e  d e a t h  o f  t h e  p a t i e n t  no f u r t h e r  sa m p le s  o f  b lo o d  c o u l d  be o b t a i n e d .
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3a 1,A g r a p h i c a l  R e p r e s e n t a t i o n  o f  c a s e  2 ,  w h ic h  i s  b-y p i e
i s  shown i n  f i g .  1. I n  t h i s  c a s e  t h e r e  was a n  i n c r e a s e  i n  
t i t r e  o f  t h e  a n t i - A  i s o - a g g l u t i n i n  w h ic h  r e a c h e d  a màximum 
(3 2 ,0 0 0 )  on t h e  e l e v e n t h  day  a f t e r  t h e  t r a n s f u s i o n ,  t h e n  
d e c r e a s e d  t o  a s t e a d y  l e v e l  by t h e  t w e n t i e t h  day  a f t e r  t r a n s f u s i o n .  
D u r ing  t h i s  p e r i o d  t h e r e  w ere  some v a r i a t i o n s  a l s o  o f * t h e  a n t i - B  
i s o - a g g l u t i n i n  b u t  compared w i t h  t h e  r e s p o n s e  of  t h e  a n t i - A  
a g g l u t i n i n ,  t h e s e  w ere  s l i g h t  ( s e e  a l s o  f i g .  1 . w h ic h  i s  on a t r u e  
s c a l e ) .  Thus t h e  i n c r e a s e  i n  t i t r e  o f  t h e  a n t i - A  i s o - a g g l u t i n i n  
was a s p e c i f i c  immune r e s p o n s e  t o  t h e  A * a g g l u t i n o g e n  c o n t a i n e d  i n  
t h e  t r a n s f u s e d  e r y t h r o c y t e s .  The low -a-n t i  A t i t r e w h ic h  w a s -f o u n d 
i  i!)medi:e-teiry-af^ter-iihe___tra ns f  uc i  o nr  we s no d o u b t  due ,  a-s-irhr t h e  ca-ee 
d e s c r i b e d  b y -W i c n o r , t o  t h e—a b s o r p t i o n  of  t h e - a i : t i -A l e e  a g g l u t i n i n s 
by t h e~-hr a n s f  u s e d e r y  t h r e e y t e s . Tha fc-  lo vj -a n t i -A t i t r e s  w ere—n» t  
r e c o r d e d  i mmed i a t e ] y _a f L ^ e r - t r a n s f u s i o n  i n  o a oos 2 a n d - b -# a s  p r o b a b l y  
dne"Tb ' i : t ie - -fs rc t  t h a t  i n  t h o o e - c e s e a  orrl y  50 c . c *  o f  g r o u p  A b l -eod 
w r e  g i v e n .
I n  c a s e  4 ,  i n  w h ic h  t h e r e  was a n  i n c r e a s e  i n  t h e  t i t r e  o f  t h e  
a n t i - B  i s o - a g g l u t i n i n ,  a sm ear  rmde f ro m  t h e  r e c i p i e n t ’ s b lo o d  on t h e  
f i r s t  day  a f t e r  t r a n s f u s i o n  r e v e a l e d  numerous s m a l l  a g g l u t i n a t e s .
f
A l t h o u g h  t h e  r e c i p i e n t ’ s se rum  a l r e a d y  c o n t a i n e d  a n t i  B i s o ­
a g g l u t i n i n s  (titrées), t h e s e  a g g l u t i n a t e s  i n c r e a s e d  i n  number and  
s i z e  when more a n t i - B  se ru m  was ad d ed  t o  t h e  s m e a r .  T h i s  i s  no 
d ou b t  a n  example  o f  ’’b a l a n c e d  r e a c t i o n ” , w h ic h  i s  a c h a r a c t e r i s t i c  
o f  t h e  i n t e r a c t i o n  b e tw e e n  a n t i g e n s  and a n t i b o d i e s .
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P i g .  2 i s  c h o s e n  f ro m  a number of  c o n t r o l s  and  d e m o n s t r a t e s  
t h a t  when c o m p a t i b l e  b lo o d  was g i v e n  t h e r e  was no a p p r e c i a b l e  ch ange  
i n  t i t r e  o f  e i t h e r  t h e  a n t i - A  o r  a n t i - B  i s o - a g g l u t i n i n .
2 .  P r o d u c t i o n  o f  Immune A n t i - A ^  I s o - a g g l u t i n i n s  i n  I n d i v i d u a l s  
o f  S u b - g r o u p s  Ag and A^B a f t e r  T r a n s f u s i o n  w i t h  Blood of  
S u b - g r o u p  A i
' “  (5)
I n  1910 von  Dungern  and  H i r s z f é l d  d i s c o v e r e d  t h a t  t h e  A
a g g l u t i n o g e n  was n o t  a s i n g l e  s u b s t a n c e  b u t  was of  a t-  l e a s t
two k i n d s  w h ic h  w ere  l a t e r  t e rm ed  A% a n d  Ag by  l a n d s t e i n e r  
( 12)
and L e v i n e .  T h e re  a r e ,  t h e r e f o r e ,  two d i f f e r e n t  s o r t s  o f  
g rou p  A b lo o d  and  i n d i v i d u a l s  of  g r o u p  A b e lo n g  e i t h e r  t o  t h e  
s u b - g r o u p  A% or  A g . S i m i l a r l y ,  t h e r e  a r e  two d i f f e r e n t  AB 
g r o u p s ,  A]_B §nd AgB. The a n t i - A  i s o - a g g l u t i n i n  c o n t a i n e d  i n  
t h e  s e r a  o f  p e r s o n s  of  g r o u p  0 and B r e a c t s  w i t h  b o t h  A], and
y  C 'Y ] - € .  *>
Ag a g g l u t i i i u g e n s , b u t  i f  a g r o u p  B se ru m  i s  f i r s t  a b s o r b e d  
w i t h  g r o u p  Â 2 e r y t h r o c y t e s  u n t i l  i t  w i l l  no l o n g e r  a g g l u t i n a t e  
t h e s e ,  t h e  r e s u l t i n g  se rum  w i l l  a g g l u t i n a t e  A % e r y t h r o c y t e s  
s p e c i f i c a l l y .  By t h e  use  o f  t h i s  a b s o r b e d  se rum  i t  c a n  be 
d e t e r m i n e d  t o  w h ic h  of  t h e  s u b - g r o u p s  A i  and  A2 . a n  i n d i v i d u a l  
b e l o n g s .  T i t r a t i o n  o f  a n  a n t i - A  se rum  a g a i n s t  A% and  Ag 
e r y t h r o c y t e s  w i l l  a l s o  d i f f e r e n t i a t e  b e tw e e n  t h e  s u b - g r o u p s ,  
b e c a u s e  t h e  t i t r a t i o n  v a l u e  i s  low er  w i t h  Ag t h a n  w i t h  A 1 
e r y t h r o c y t e s ,
1 i s o - a g g l u t i n i n s  o c c u r  n a t u r a l l y  i n  some b l o o d s  o f  
s u b - g r o u p s  A 2 and A2 B, b u t  t h e y  a r e  n o t  a c t i v e  a t  37^0 and
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a r e  t h e r e f o r e  c a l l e d  " c o l d  a g g l u t i n i n s " .  I t  i s  a l s o  o c c a s i o n a l l y
p o s s i b l e  t o  d e m o n s t r a t e  a n t i -0  c o ld  a g g l u t i n i n s  i n  b l o o d s  o f
s u b - g r o u p s  A%B and  B.
The f a c t  t h a t  t h e  Ag a g g l u t i n o g e n  r e a c t s  l e s s  s t r o n g l y  w i t h
(14)
a n  a n t i - A  se ru m  has  l e d  some a u t h o r s  ( l a t t e s )  t o  t h e  c o n c l u s i o n
t h a t  t h e  d i f f e r e n c e  b e tw e e n  s u b - g r o u p s  A i  and  Ag i s  m e r e ly  a
q u a n t i t a t i v e  one and i s  c a u se d  bv  d i f f e r e n t  amounts  o f  t h e  same
( 1 0 )
a g g l u t i n o g e n  i n  t h e  e r y t h r o c y t e s . l a n d s t e i n e r  and L e v i n e ,
on t h e  o t h e r  h a n d ,  c o n s i d e r  t h a t  t h e r e  a r e  two q u a l i t a t i v e l y
d i f f e r e n t  a g g l u t i n o g e n s  A-  ^ and A g .. The f o l l o w i n g  two c a s e s
p r e s e n t  c o n c l u s i v e  e v i d e n c e  i n  s u p p o r t  o f  t h e i r  t h e o r y ,  b e c a u s e
t h e y  d e m o n s t r a t e  t h e  p r o d u c t i o n  o f  im r .unep^ j  i s o - a g g l u t i n i n s
w h ic h  become a c t i v e  a t  3 7 i n  two i n d i v i d u a l s  o f  g r o u p s  Ag and
AgB r e s p e c t i v e l y .  I f  t h e  d i f f e r e n c e  b e tw e e n  t h e  A a g g l u t i n o g e n s
w ere  q u a n t i t a t i v e  o n l y ,  n o . i s o - a g g l u t i n i n  a c t i v e  a t  37^0 s p e c i f i c
f o r  e i t h e r  a g g l u t i n o g e n ,  c o u ld  be p r o d u c e d .
The f i r s t  o f  t h e s e  c a s e s  was a p a t i e n t  s u f f e r i n g  f ro m
h a e m o l y t i c  a n ae m ia  who was g i v e n  a t r a n s f u s i o n  o f  1 ,0 0 0  c . c .  o f
c o n c e n t r a t e d  r e d  c e l l s  o f  g r o u p  0 f o l l o w e d  f o u r  day s  l a t e r  by
1 ,000  c . c . " o f  c o n c e n t r a t e d  r e d  c e l l s  o f  g ro u p  A . A» f u r t h e r
t r a n s f u s i o n  of  1 ,0 0 0  c . c .  c o n c e n t r a t e d  g r o u p  A r e d  c e l l s  was g i v e n
a f t e r  a n o t h e r  t h r e e  d ays  had e l a p s e d .  On e a c h  o c c a s i o n  c r o s s -
%
m a tc h in g  t e s t s  a t  3 7 °C had shown t h e  d o n o r  r e d  c e l l s  t o  be 
c o m p a t i b l e  w i t h  t h e  p a t i e n t ’ s s e ru m .  However,  s i x  days  a f t e r  t h e  
f i r s t  t r a n s f u s i o n  o f  g ro u p  A b l o o d ,  a n  a t y p i c a l  i s o - a g g l u t i n i n - w a s  
fo u n d  i n  t h e  p a t i e n t ’ s s e ru m .  T h is  r e a c t e d  w i t h  a number of
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g ro u p  A b l o o d s  a t  37°G, The r e c i p i e n t  was t h e n  t e s t e d  and  f o u n d  
t o  b e lo n g  t o  s u b - g r o u p  A g . S e v e n  of  t h e  e i g h t  d o n o r s  who had 
c o n t r i b u t e d  t o  t h e  t r a n s f u s i o n s  o f  g r o u p  A b lo o d  w ere  t r a c e d  and 
a l l  o f  them were  fo u n d  t o  b e l o n g  t o  s u b - g r o u p  A]_. T h is  s u g g e s t e d  
t h a t  t h e  a t y p i c a l  i s o - a g g l u t i n i n  was and  t h i s  was c o n f i r m e d  
when th e  p a t i e n t ’ s se ru m  was t e s t e d  w i t h  a l a r g e r  s e r i e s  o f  g r o u p  A 
b l o o d s  w h e r e i n  o n l y  t h o s e  of  s u b - g r o u p  A% w ere  a g g l u t i n a t e d .
F i g .  3 r e p r e s e n t s  t h e  ch an g e s  i n  t i t r e  of  t h e C ^ j  i s o - a g g l u t i n i n  f o r  
a long  p e r i o d  ‘a f t e r  t h e  t r a n s f u s i o n .  The peak  o f  t h e  r e s p o n s e  
o c c u r r e d  on t h e  f i f t e e n t h  day  ' a f t e r  t h e  f i r s t  g ro u p  A t r a n s f u s i o n  
and t h e  p e a k  t i t r e  a t t a i n e d  a t  37^0 was 3 2 ,  F o r t y - n i n e  d a y s  a f t e r  
t h e  t r a n s f u s i o n  theC ^^  i s o - a g g l u t i n i n  was s t i l l  a c t i v e  i n  t h e  
p a t i e n t ’ s se rum  ( t i t r e  2 ) .  No s a t i s f a c t o r y  t i t r a t i o n  v a l u e s  c o u ld  
be o b t a i n e d  a t  room t e m p e r a t u r e  b e c a u s e  t h e  p a t i e n t ’ s se rum  a l s o  
c o n t a i n e d  a v e r y  s t r o n g  a u t o - a g g l u t i n i n  w h ic h  masked t h e  r e a c t i o n  
of  thec/^;j^ i s o - a g g l u t i n i n  a t  t h i s  t e m p e r a t u r e .  The a u t o - a g g l u t i n i n ,  
how ev er ,  was n o t  a c t i v e  a t  3 7 .
The seco n d  c a s e  was a l s o  one i n  w h ic h  t h e  p a t i e n t  was 
s u f f e r i n g  f r o m  h a e m o l y t i c  a n a e m ia .  The p a t i e n t  b e l o n g e d  t o  
g ro u p  AgB and she  r e c e i v e d  s e v e r a l  t r a n s f u s i o n s  of  b l o o d  of  
g ro u p s  0 and A a t  c l o s e  i n t e r v a l s .  E x a m i n a t i o n  o f  h e r  se rum  on 
t h e  f i f t e e n t h  day a f t e r  t h e  l a s t  of t h e s e  t r a n s f u s i o n s  r e v e a l e d  th e  
p r e s e n c e  of  anp(^^ i s o - a g g l u t i n i n ,  t h e  t i t r e  o f  w h ic h  was 32 a t  room 
t e m p e r a t u r e  and 8 a t  3 7 . F i g .  4 i s  a g r a p h i c a l  r e p r e s e n t a t i o n  o f  
t h e  s u b s e q u e n t  c h a n g e s  i n  t i t r e  of  t h i s  i s o - a g g l u t i n i n .  Be tw een  th e  
f i f t e e n t h  and  s e v e n t i e t h  days  a f t e r  t r a n s f u s i o n  t h e r e  was a g r a d u a l  d e c r e a a  
i n  t i t r e  w h ic h  r e s u l t e d  i n  t h e  c o m p le te  d i s a p p e a r a n c e  of  t h e  a c t i v i t y
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o f  t h e  a n t i b o d y  a t  3 7 ^ 0 ,  a l t h o u g h  a t i t r e  of  4 was m a i n t a i n e d  a t  
room t e m p e r a t u r e .  A l t h o u g h  i t  was n o t  known t o  w h ic h  s u b - g r o u p  
o f  A t h e  t r a n s f u s e d  b lo o d  b e l o n g e d ,  i t  seems l i k e l y , ,  s i n c e  o n ly  
one i n  f i v e  g r o u p  A b l o o d s  a r e  of  s u b - g r o u p  A g , .  t h a t  some of  i t  a t  
l e a s t  must have  b e e n  o f  s u b - g r o u p  A%. I t  was most p r o b a b l y  t h e  
l a t t e r ,  t h e r e f o r e ,  t h a t  c a u s e d  a n  immune r e s p o n s e  of  t h e  ^  ^ i s o ­
a g g l u t i n i n .  T h is  r e c e i v e d  c o n f i r m a t i o n  f r o m  th e  f a c t  t h a t  140 days  
l a t e r ,  a f t e r  a f u r t h e r  t r a n s f u s i o n  o f  two b o t t l e s  of  g r o u p  A i  b l o o d ,  
t h e  i s o - a g g l u t i n i n  by t h e  t w e n t i e t h  day  a f t e r  t h e  t r a n s f u s i o n ,  was 
a g a i n  s l i g h t l y  a c t i v e  a t  37°C ( see  f i g .  4 . ) .
I n  t h e s e  two c a s e s  t h e r e  was no r e c o r d  o f  w h e t h e r  t h e  p a t i e n t s '  
s e r a  c o n t a i n e d  n a t u r a l ( ^ j ^  i s o - a g g l u t i n i n s  b e f o r e  th e  f i r s t  t r a n s f u s i o n  
o f  A% b lo o d  was g i v e n .  I n  t h e  f i r s t  c a s e  t h e  r a p i d i t y  o f  t h e  r e s p o n s e  
t o  t h e  t r a n s f u s e d  b lo o d  i s  v e r y  s u g g e s t i v e  t h a t  t h e i s o - a g g l u t i n i n  
was p r e s e n t  p r i o r  t o  t h e  b lo o d  t r a n s f u s i o n ,  a l t h o u g h  i t  was n o t  t h e n  
a c t i v e  a t  3 7 % ,  b e c a u s e  t h e  c r o s s - m a t c h i n g  t e s t  a t  t h i s  t e m p e r a t u r e  d id  
n o t  r e v e a l  any  i n c o m p a t i b i l i t y .
Two o t h e r  c a s e s  have  b e e n  d e s c r i b e d  i n  t h e  l i t e r a t u r e  i n  w h ic h
immune i s o - a g g l u t i n i n s  a c t i v e  a t  3 7 ^G have b e e n  r e p o r t e d ,  (W ien er ,
(21 )
Race e t  a l  ) ,  I n  n e i t h e r  of t h e s e ,  h o w e v e r ,  i s  t h e r e  s u c h  a c o m p le te  
r e c o r d  of  t h e  immune r e s p o n s e  a t  3 7 %  a s  i n  t h e  c a s e s  d e s c r i b e d  a b o v e .
3 .  P r o d u c t i o n  o f  Immune A n t i - R h  I s o - a g g l u t i n i n s  i n  Rh n e g a t i v e  
I n d i v i d u a l s  f o l l o w i n g  T r a n s f u s i o n  o f  Rh p o s i t i v e  B l o o d .
( 11)
L a n d s t e i n e r  and  W ie n e r  d i s c o v e r e d  t h e  Rh f a c t o r  and  p u b l i s h e d  
t h e i r  f i r s t  p a p e r  on t h i s  s u b j e c t  i n  1940. They fou nd  t h a t  by 
i n j e c t i n g  t h e  r e d  c e l l s  o f  t h e  r h e s u s  monkey i n t o  r a b b i t s ,  a n  a n t i -
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se rum  was p ro d u ce d  w h ic h  would  a g g l u t i n a t e  t h e  b lo o d  o f  Q5% o f  t h e
human p o p u l a t i o n ,  w h i l e  t h e  r e m a i n i n g  1551 w ere  n o t  a g g l u t i n a t e d .
Those p e r s o n s  whose e r y t h r o c y t e s  w e re  a g g l u t i n a t e d  w e r e , t h e r e f o r e ,
te rm ed  Rh p o s i t i v e  (85%) and  th e  r e m a i n i n g  15%, Rh n e g a t i v e .
S h o r t l y  a f t e r  t h i s  d i s c o v e r y  i t  was found  t h a t  Rh n e g a t i v e
i n d i v i d u a l s  c o u ld  be immunised  a g a i n s t  t h e  Rh f a c t o r  or  a n t i g e n
c o n t a i n e d  i n  t h e  b loo d  o f  Rh p o s i t i v e  i n d i v i d u a l s  and  a n  a g g l u t i n i n
s e r o l o g i c a l l y  i d e n t i c a l  w i t h  t h e  a n t i - r h e s u s  a g g l u t i n i n  was p r o d u c e d .
(30)
W ie n e r  and P e t e r s  d e s c r i b e d  c a s e s  i n  w h ic h  Rh n e g a t i v e  i n d i v i d u a l s  
d e v e lo p e d  a n t i - R h  i s o - a g g l u t i n i n s  f o l l o w i n g  r e p e a t e d  t r a n s f u s i o n  
of  Rh p o s i t i v e  b l o o d .  They s t a t e d  t h a t  t h e s e  i s o - a g g l u t i n i n s  
w h ic h  t h e y  fo u n d  w ere  n o t  a c t i v e  a t  3 7 % .
F i v e  c a s e s  have  b e e n  s t u d i e d  h e r e . i n  w h ic h  Rh n e g a t i v e  
i n d i v i d u a l s  became immunised  t o  t h e  Rh a g g l u t i n o g e n  c o n t a i n e d  
i n  t h e  Rh p o s i t i v e  b lo o d  w i t h  w h ic h  t h e y  w ere  t r a n s f u s e d .
A summary of  t h e s e  i s  g i v e n  i n  T a b le  I I I .  Case  159 i n  w h ich  
t i t r a t i o n s  w e re  made a t  c l o s e  i n t e r v a l s  i s  d e p i c t e d  g r a p h i c a l l y  
i n  f i g .  5 .  I n  t h i s  i n s t a n c e ,  a n  a n t i - R h  i s o - a g g l u t i n i n  was shown 
t o  b e  p r e s e n t  i n  t h e  se rum  by t h e  f i f t h  day  a f t e r  t r a n s f u s i o n .  By 
th e  s e v e n t h  day  a t i t r e  o f  32 was r e c o r d e d ,  and  a f t e r  t h e  n i n t h  day  
t h e  t i t r e  g r a d u a l l y  d e c r e a s e d  u n t i l  on t h e  t w e n t i e t h  day  a f t e r  
t r a n s f u s i o n  i t , w a s  r e d u c e d  t o  2 . I n  t h e  r e m a i n i n g  4 c a s e s  t h e  
d a t a  a r e  n o t  so  c o m p l e t e ,  b u t  t h e r e  i s  d e f i n i t e  e v i d e n c e  f o r  t h e  
d e v e lo p m e n t  of  a n  a n t i - R h  i s o - a g g l u t i n i n  i n  t h e  r e c i p i e n t ' s  s e ru m .
I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  i n  a l l  c a s e s ,  e x c e p t  No. 161, t h e  
p a t i e n t s  had r e c e i v e d  s e v e r a l  p r e v i o u s  t r a n s f u s i o n s .  I n  No. 161 ,  
a n  immune a n t i - R h  i s o - a g g l u t i n i n  was p ro d u ce d  f o l l o w i n g  a f i r s t
— 18 —
( 3 0 )
t r a n s f u s i o n .  I n  c o n t r a s t  t o  W ie n e r  and  P e t e r s ’ f i r s t  c a s e s  a l l  
t h e s e  a n t i - R h  a g g l u t i n i n s  w ere  a c t i v e  a n d  in d e e d  s t r o n g e r  a t  3 7 %  t h a n  
a t  room t e m p e r a t u r e .
SECTION B.
PRODUCTION OF IIvll.iUNE ISO-AGGLUTININS FOLLOWING 
TRANSFUSION OF SERUM.
I n  t h i s  s e r i e s ,  n i n e  i n d i v i d u a l s  o f " g r o u p  0 r e c e i v e d  
i n j e c t i o n s  o f  e i t h e r  g r o u p  A o r  g r o u p  B se ru m  w h ic h  c o n t a i n e d  
t h e  A or  B a g g l u t i n o g e n .  The am oun t  o f  a g g l u t i n o g e n  c o n t a i n e d  
i n  t h e  s e r a  was .m easured  by  t h e  i n h i b i t i o n  t e s t .  The r e s u l t s  a r e  
r e c o r d e d  i n  T a b l e  IV and  f i g s .  6 a n d  7 .
I n  t h e  f i v e  c a s e s  i n  w h ic h  g r o u p  A se ru m  was i n j e c t e d ,  t h e r e  
was a s p e c i f i c  i n c r e a s e  i n  t h e  t i t r e  o f  t h e  a n t i - A  i s o - a g g l u t i n i n  
and i n  f o u r  o u t  o f  t h e  f i v e  c a s e s  i n  w h i c h . g r o u p  B se ru m  was 
i n  j e c t e d  t h e r e  was a s p e c i f i c  i n c r e a s e  i n  t h e  t i t r e  o f  t h e  a n t i - B  
i s o - a g g l u t i n i n .  One i n d i v i d u a l  o f  g r o u p  0 ( c a s e  1) r e c e i v e d  two 
i n j e c t i o n s  o f  s e ru m  a t  a n  i n t e r v a l  o f  f o u r , w e e k s , t h e  f i r s t  of  
g ro u p  A and  t h e  s e c o n d  o f  g r o u p  B. Each  i n j e c t i o n  p r o d u c e d  a 
d e f i n i t e  r e s p o n s e  of  t h e  c o r r e s p o n d i n g  a n t i b o d y .  F i g s .  6 and 7 
a r e  g r a p h i c a l  r e p r e s e n t a t i o n s  o f  c a s e s  2 and  3 w h ic h  have  b e e n  
c h o s e n  a s  t y p i c a l  e x a m p le s  of  t h e  w ho le  s e r i e s .  I n  b o t h  o f  t h e s e  
t h e r e  was a s t e e p  r i s e  i n  t i t r e  u n t i l  t h e  p e a k  o f  t h e  r e s p o n s e  
was r e a c h e d  a t  6 and  13 d a y s  r e s p e c t i v e l y  and  t h e n  a s u b s e q u e n t  
d i m i n u t i o n .  I n  f i g  6 t h e  r e s p o n d i n g  i s o - a g g l u t i n i n  i s  shown 
w e l l  above  i t s  p r e s t i m u l a t i o n  l e v e l  a s  lo n g  a s  t h i r t y - f o u r  days  
a f t e r  t h e  i n j e c t i o n .  I n  f i g . 7 t h e  r e s p o n d i n g  i s o - a g g l u t i n i n  i s
a l i t t l e  a b o v e  n o r m a l  f o r t y - f o u r  d a y s  a f t e r  t h e  I n j e c t i o n .
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F i g .  8 i s  t h e  c o n t r o l  c a s e  and shows th e  e f f e c t  on t h e  a n t i - A
and a n t i - B  i s o - a g g l u t i n i n  o f  t h e  i n j e c t i o n  o f  g r o u p  0 se rum  w h i c h
c o n t a i n s  no A o r  B a g g l u t i n o g e n .  I t  c a n  be  s e e n  t h a t  t h e r e  was
a s l i g h t  v a r i a t i o n  i n  t h e  t i t r e s  o f  b o t h  i s o - a g g l u t i n i n s ,  b u t  no
a p p r e c i a b l e  i n c r e a s e  i n  t h e  t i t r e  o f  e i t h e r .  Accom pany ing  t h e
s p e c i f i c  r e s p o n s e  i n  f i v e  c a s e s  t h e r e  was a s m a l l  r i s e  i n  t h e  t i t r e
of  t h e  " o t h e r "  a g g l u t i n i n ,  e . g .  i n  c a s e  3 ,  w h i l e  t h e  a n t i - A  t i t r e
r o s e  f ro m  256 t o  1 6 , 0 0 0 ,  t h e  a n t i - B  t i t r e  a l s o  i n c r e a s e d  f r o m  64 t o
2 5 6 .  However,  i n  c o m p a r i s o n  w i t h  t h e  s p e c i f i c  r e s p o n s e ,  t h e
r e s p o n s e  o f  t h e  a n t i - B  i s o - a g g l u t i n i n  was sna 11 .  The o n l y  e x c e p t i o n
t o  t h i s  i s  c a s e  8 i n  w h i c h  t h e  i n d i v i d u a l  r e c e i v e d  150 c . c .  o f  g r o u p
#
B se rum  and y e t  t h e  a n t i - A  t i t r e  i n c r e a s e d  t o  a g r e a t e r  e x t e n t  t h a n  
t h e  a n t i - B ,  The r e a s o n  f o r  t h i s  i s  n o t  u n d e r s t o o d .
I t  i s  i n t e r e s t i n g  t o  n o t e  ( see  T a b le  IV) t h a t  a l t h o u g h  t h e  
i n j e c t e d  s e r a  c o n t a i n e d  v a r y i n g  am o un ts  o f  a g g l u t i n o g e n .a s  m easu red  
by t h e  i n h i b i t i o n  t e c h n i q u e ,  t h e r e  i s  no a p p a r e n t  c o r r e l a t i o n  b e t w e e n  
t h e  amount of  s e ru m  a g g l u t i n o g e n  i n j e c t e d  and t h e  d e g r e e  of immune
r e s p o n s e .  I n  f a c t  a n  amount o f  a g g l u t i n o g e n ,  t o o  s m a l l  t o  be
d e t e c t e d  i n  v i t r o  by  t h e  i n h i b i t i o n  t e c h n i q u e ,  p ro d u c e d  q u i t e  a good 
r e s p o n s e  i n  v i v o , ( c a s e  9 ) . ‘
T h is  method o f  i n j e c t i o n  o f  se rum  c o n t a i n i n g  t h e  A and  B 
a g g l u t i n o g e n s  i s  a n  e x c e l l e n t  one f o r  s t u d y i n g  t h e  a n t i g e n i c  a c t i o n  
of t h e  g r o u p  s p e c i f i c  s u b s t a n c e s  A and  B i n  h^man b e i n g s ,  w i t h o u t  
harm t o  t h e  i n d i v i d u a l s  who r e c e i v e  t h e  i n j e c t i o n s .  I t  i s  a l s o  o f
mg
v a l u e  a s  a means o f  p r e p a r i n g  h i g h  t i t r e  s e r a  f o r  g ro u p j^ p u rp o s e s  and 
i n  t h i s  c a p a c i t y ,  a f t e r  t h e  p u b l i c a t i o n  o f  t h e  ab ov e  e x p e r i m e n t s , h a s  
r e c e n t l y  b e e n  a d o p t e d  by  some w o r k e r s  i n  A m e r i c a .
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AS m en t io n ed  p r e v i o u s l y ,  D i e n s t  f i r s t  d e m o n s t r a t e d  a n  i n c r e a s e
i n  th e  a n t i - A  o r  a n t i - B  i s o - a g g l u t i n i n  i n  t h e  s e r a  of  some women who
had b e e n  d e l i v e r e d  o f  i n f a n t s  of  g r o u p s  A o r  B.
(9) .
I n  1936 J o n s s o n  o b s e r v e d  t h a t  i n  t h e  s e r a  o f  g ro u p  0 m o th e r s
who had b e e n  r e c e n t l y  d e l i v e r e d  of  g r o u p  A i n f a n t s  t h e r e  was u s u a l l y
a n  a n t i - A  h a e m o l y s i n .  S i m i l a r l y ,  i n  t h e  s e r a  of  g r o u p  0 m o t h e r s ,  w i t h
group  B i n f a n t s ,  a n  a n t i - B  h a e m o l y s i n  was p r e s e n t .
(15)
L e v i n e ,  N a t z i n  and  Burnham s u g g e s t e d  t h a t  i m m u n i s a t i o n  of  a
p r e g n a n t  woman t o  a n  a n t i g e n  c o n t a i n e d  i n  h e r  f o e t u s  m igh t  e x p l a i n  t h e
p r e s e n c e  o f  a t y p i c a l  i s o - a g g l u t i n i n s  fo u n d  i n  h e r  s e ru m .  They a l s o
d i s c o v e r e d  t h a t  t h e  m a j o r i t y  o f  a t y p i c a l  i s o - a g g l u t i n i n s  o c c u r r e d  i n
Rh n e g a t i v e  women w i t h  Rh p o s i t i v e  i n f a n t s  and  gave  r e a c t i o n s  i d e n t i c a l
( 1 1 )
w i t h  t h e  a n t i - R h  s e r a  o f  L a n d s t e i n e r  and  W i e n e r .  S i m i l a r  o b s e r v a t i o n s
(27) ( 1 ) , (2 1 ) 
have b e e n  made s i n c e  by  W ie n e r ,  Boorimn e t  a l ,  and Race e t  a l .
I n  t h e  f o l l o w i n g  c a s e s  t h e  immune r e s p o n s e  t o  t h e  a g g l u t i n o g e n s
A, B and  Rh a s  a r e s u l t  o f  p r e g n a n c y  have b e e n  i n v e s t i g a t e d .
1. Immune A n t i - A  I s o - a g g l u t i n i n s  i n  Gases  i n  w h ic h  t h e  k o t h e r  
was Group 0 o r  B and t h e  F o e t u s  g ro u p  A o r  AB,
T w e n ty -n in e  c a s e s  were  exam ined  and o f  t h e s e  25 showed a
s p e c i f i c  i n c r e a s e  i n  t h e  t i t r e  of t h e  a n t i - A  i s o - a g g l u t i n i n  s h o r t l y
a f t e r  t h e  b i r t h  o f  a n  i n f a n t  of  g r o u p  A or  g r o u p  AB. A t y p i c a l
example  i s  shown i n  f i g .  9 .  T here  was a r a p i d  r i s e  i n  t h e  a n t i - A
i s o - a g g l u t i n i n  t i t r e  f ro m  128 on t h e  second  day  a f t e r  d e l i v e r y  t o  t h e
h i g h  l e v e l  of  8 ,0 0 0  on t h e  f i f t e e n t h  d ay  a f t e r  d e l i v e r y .  On t h e
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t h i r t i e t h  day t h e  a n t i - A  i s o - a g g l u t i n i n  t i t r e  was s t i l l  f a r  above  
i n i t i a l *
i t s / l e v e l .  D u r in g  th e  w hole  of  t h i s  p e r i o d  t h e  f l u c t u a t i o n s  o f  t h e  
a n t i - B  t i t r e  w e re  c o m p a r a t i v e l y  s m a l l .
F i g .  10 i s  a sumimry of t h e  f i n d i n g s  i n  a l l  t w e n t y - f i v e  c a s e s  i n  
w h ic h  t h e r e  was a n  a n t i - A  r e s p o n s e .  The d e g r e e  o f  immune r e s p o n s e  
i n  e a c h  i n s t a n c e  i s  e x p r e s s e d  by t h e  number o f  t im e s  t h e  peak  t i t r e  
i s  g r e a t e r  t h a n  t h e  o r i g i n a l  t i t r e .  T h is  r a n g e s  f ro m  4 t o  g r e e t e d  
t h a n  64 ,  * I t  sh o u ld  be p o i n t e d  o u t  t h a t  t h e  o r i g i n a l  t i t r e  may be 
h i g h e r  t h a n  n o r m a l ,  a s  t h e r e  i s  e v id e n c e  t h a t  t h e  r e s p o n d i n g  i s o ­
a g g l u t i n i n  som e t im es  i n c r e a s e s  d u r i n g  p r e g n a n c y  a s  w e l l  a s  a f t e r  
d e l i v e r y .  The t im e  of  a t t a i n m e n t  of  t h e  p e ak  t i t r e  v a r i e d  b e tw e e n  
l e s s  t h a n  f i v e  d a y s  t o  more t h a n  t w e n ty  days  a f t e r  d e l i v e r y ,  b u t  t h e  
m a j o r i t y  o c c u r r e d  b e tw e e n  t h e  e l e v e n t h  and  t w e n t i e t h  d a y s .
2 .  Immune A n t i - B  I s o - a g g l u t i n i n s  i n  Oases i n  w h ic h  t h e  Mother  was 
Group 0 o r  A and t h e  F o e t u s  Group B o r  AB.
üf
I n  t h i s  s e c t i o n  15 c a s e s  w ere  exam ined  a n d ^ t h e s e  11 showed 
a n  i n c r e a s e  i n  t h e  t i t r e  of  t h e  a n t i - B  i s o  a g g l u t i n i n  f o l l o w i n g  
d e l i v e r y  o f  a n  i n f a n t  p o s s e s s i n g  t h e  B a g g l u t i n o g e n .  F i g . 11 i s  a 
g r a p h i c a l  r e p r e s e n t a t i o n  of  one of t h e s e .  The f i r s t  sample  o f  m a t e r n a l  
serum was o b t a i n e d  7 days  b e f o r e  d e l i v e r y  when a n  a n t i - B  t i t r e  o f  256 
was r e c o r d e d . T h is  i n c r e a s e d  r a p i d l y  a f t e r  t h e  b i r t h  o f  th e  i n f a n t  
and a peak  t i t r e  o f  8 ,0 0 0  was a t t a i n e d  on t h e  f o u r t e e n t h  day  a f t e r  
d e l i v e r y .  T i t r a t i o n s  w e re  made a t  i n t e r v a l s  u n t i l  3 months a f t e r  
d e l i v e r y  by w h ic h  t im e  t h e  a n t i - B  t i t r e  had d i m i n i s h e d  c o n s i d e r a b l y ,  
b u t  was s t i l l  1 , 0 0 0 .  The a n t i - A  t i t r e  d u r i n g  t h i s  p e r i o d  v a r i e d  
b e tw e e n  256 and  1 ,0 0 0 .  The r e s u l t s  i n  a l l  11 c a s e s  a r e  s u m n a r i s e d  
i n  f i g .  12. As i n  t h e  a n t i - A  r e s p o n s e s  t h e  d e g r e e  o f  immune r e s p o n s e
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r a n g e d  f ro m  4 t o  g r e a t e r  t h a n  64 .  Gome of  t h e  peak  t i t r e s  a t t a i n e d  
were  e x t r e m e l y  h i g h  and  t h e y  r a n g e d  f ro m  512 t o  o v e r  2 5 6 , 0 0 0 .
3 .  C o n t r o l  O a s e s .
13 c a s e s  were  s t u d i e d  i n  w h ic h  t h e r e  was no i n c o m p a t i b i l i t y  
b e tw ee n  t h e  m o t h e r ' s  i s o - a g g l u t i n i n  and t h e  i n f a n t ' s  e r y t h r o c y t e s .  
D e t a i l e d  p r o t o c o l s  o f  t h e s e  a r e  shown i n  T a b l e a n d  one o f  them i s  
d e p i c t e d  g r a p h i c a l l y  i n  f i g .  13 .  I t  c an  be s e e n  t h a t  t h e  t i t r e s  
rem a ined  e x t r e m e l y  s t e a d y .  I n  f a c t  t h e r e  was no v a r i a t i o n  g r e a t e r  
t h a n  would be e x p e c t e d  w i t h  t h e  p a r t i c u l a r  t i t r a t i o n  t e c h n i q u e
employed ( se e  T a b l e s  1,  l a ,  and l b ) .
4 .  Immune A n t i - R h  I s o - a g g l u t i n i n s  i n  C ases  i n  w h ic h  t h e  Mother  was 
Rh N e g a t iv e  and th e  F o e t u s  Rh P o s i t i v e .
Immune a n t i - R h  i s o - a g g l u t i n i n s  were  fo un d  i n  t h e  s e r a  o f  a
l a r g e  s e r i e d  o f  Rh n e g a t i v e  women who had r e c e n t l y  g i v e n  b i r t h  t o  a n
Rh p o s i t i v e  i n f a n t  a f f e c t e d  w i t h  h a e m o l y t i c  d i s e a s e  o f  t h e  f o e t u s ,
A t y p i c a l  exam ple  of t h e  r e s p o n s e  i n  one o f  t h e s e  c a s e s  i s  d e p i c t e d
i n  f i g *  1 4 .  On th e  s i x t h  day a f t e r  d e l i v e r y  o f  t h e  i n f a n t ,  when th e
m a t e r n a l  se rum  was f i r s t  t e s t e d ,  t h e  t i t r e  .of t h e  a n t i - R h  i s o - a g g l u t i n i n
was 64 and by  t h e  f o u r t e e n t h  day  had r i s e n  t o  256 ,  w h ic h  was t h e
h i g h e s t  t i t r e  r e c o r d e d . A t  t h e  t h i r t i e t h  day  t h e  t i t r e  had f a l l e n  t o
32 and a f t e r  3 months a n  a n t i - R h  i s o - a g g l u t i n i n  was s t i l l  a c t i v e  a t  a
t i t r e  of  8 .
79 c a s e s  a r e  sum rra r i sed  i n  f i g .  15. The l o w e s t  t i t r e  r e c o r d e d  
was 1 and t h e  h i g h e s t  g r e a t e r  t h a n  4 ,  000 and  t h e  m a j o r i t y  o f  t h e s e  
o c c u r r e d  b e tw e e n  th e  s i x t h  and t w e n t i e t h  d ay s  a f t e r  d e l i v e r y .  As 
t h e  a n t i - R h  i s o - a g g l u t i n i n  i s  n o t  p r e s e n t  i n  t h e  se rum  i n  t h e  fo rm
o f  a n a t u r a l  a n t i b o d y ,  f i g .  15a c a n  be r e g a r d e d  a s  a l s o  r e p r e s e n t i n g
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th e  d e g r e e  o f  immune r e s p o n s e .  However ,  t h i s  may n o t  be  t r u e  f o r  
a l l  c a s e s ,  b e c a u s e  i n  some t h e r e  may have  b e e n  a n  Rh a n t i b o d y  p r e s e n t  
i n  t h e  se rum  w h ic h  had b e e n  p rodu ced  a s  a r e s u l t  of  a p r e v i o u s  
p r e g n a n c y .  U s u a l l y  t h e  a n t i - R h  i s o - a g g l u t i n i n  r e m a in e d  i n  t h e  
m aterna  1 serum  f o r  some months a f t e r  t h e  d e l i v e r y  o f  t h e  i n f a n t .  I n  
one i n s t a n c e ,  a n  a n t i b o d y  was d e t e c t e d  a s  lo n g  a s  5 y e a r s  a f t e r  t h e  
b i r t h  o f  t h e  l a s t  c h i l d .
A l l  t h e  t i t r a t i o n  v a l u e s  r e c o r d e d  i n  f i g .  15 a r e  t h o s e  w h ic h  
were o b t a i n e d  a t  3 7 % ,  b e c a u s e  t h e s e  w ere  u s u a l l y  h i g h e r  t h a n  t h e  v a l u e s  
o b t a i n e d  a t  room t e m p e r a t u r e .  T h i s  i s  w e l l  shown i n  T a b le  V, w h ic h  
sum nB rises  t h e  f i n d i n g s  i n  61 c a s e s  i n  w h ic h  t h e  a n t i - R h  i s o - a g g l u t i n i n s  
were t i t r a t e d  b o t h  a t  room t e m p e r a t u r e  ahd a t  3 7 % .  Among t h e s e  61 
c a s e s ,  3 a r e  i n c l u d e d  i n  w h ic h  t h e  a n t i - R h  i s o - a g g l u t i n i n  was 
s t i m u l a t e d  by t r a n s f u s i o n  o f  Rh p o s i t i v e  b l o o d .  I n  a l l  t h e  c a s e s  t h e  
t i t r e  was foun d  t o  be g r e a t e r  o r  a t  l e a s t  a s  g r e a t  a t  3 7 °G t h a n . a t  
room t e m p e r a t u r e .  I n  none of t h e s e  was t h e  a n t i - R h  i s o - a g g l u t i n i n  
i n a c t i v e  a t  37^0 a s  i n  t h e  f i r s t  c a s e s  d e s c r i b e d  by W ie n e r .
I n  9 c a s e s  t h e r e  w a s ‘a n  o p p o r t u n i t y  of  s t u d y i n g  t h e  c h a n g e s  i n  
t i t r e  o f  t h e  a n t i - R h  i s o - a g g l u t i n i n  during;  p r e g n a n c y  a s  w e l l  a s  a f t e r  
d e l i v e r y  (Tab le  VI and f i g . 1 6 ) .  I n  3 o f  t h e s e ,  ( n o s ,  7 1 ,  109 and 
157) t h e r e  was no i n c r e a s e  i n  t i t r e  d u r i n g  p r e g n a n c y  o r  a f t e r  d e l i v e r y ,  
a l t h o u g h  t h e  i n f a n t ,  when b o r n ,  was found  t o  be Rh p o s i t i v e  . The 
r e a s o n  f o r  t h i s  i s  no t  c l e a r .  I t  i s  p o s s i b l e  t h a t  i n  c a s e  71 t h e  
peak  of  t h e  r e s p o n s e  was m is se d  a s  no sample  o f  se rum  was o b t a i n e d  
b e tw e e n  t h e  seco n d  and t w e l f t h  da y s  a f t e r  d e l i v e r y .  S i m i l a r l y ,  i n  
c a s e  113,  i n  w h i c h  t h e  se ru m  was n o t  t i t r a t e d  l a t e r  t h a n  7 d a y s , a f t e r  
d e l i v e r y ,  t h e  peak  o f  t h e  r e s p o n s e  m igh t  n o t  y e t  have  b e e n  a t t a i n e d .
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The two c a s e s  (82 and  1 4 2 ) ,  w h ic h  e x h i b i t e d  a n  i n c r e a s e  i n  t i t r e  o f  
th e  a n t i - R h  i s o - a g g l u t i n i n  a f t e r  p r e g n a n c y ,  a r e  t h e  o n ly  two i n  w h ic h  
t h e r e  was a l s o  a n  i n c r e a s e  i n  t i t r e  d u r i n g  p r e g n a n c y .  The s i g n i f i c a n c e  
of t h i s ,  h o w e v e r ,  c a n n o t  be d e t e r m i n e d  f ro m  su c h  a s m a l l  s e r i e s .
5 ,  Immune A n t i - l i h p  I s o - a g g l u t i n i n s  i n  Gaees  i n  w h i c h  t h e  h o t  h e r  
i s  Rh p o s i t i v e .
Not lo n g  a f t e r  t h e  d i s c o v e r y  of  t h e  Rh f a c t o r ,  i t  was r e a l i s e d
t h a t  t h i s  f a c t o r  was n o t  a s  s i m p le  a s  a t  f i r s t  s u p p o s e d .  W ie n e r  i n  
(27)
1941 fo u n d  a human se ru m  w h ic h  a g g l u t i n a t e d  o n ly  7 0 ^  o f  b l o o d s
i n s t e a d  o f  t h e  u s u a l  8 5 ^ .  Rh n e g a t i v e  b l o o d s  d i d  n o t  r e a c t  w i t h  t h e
new se rum  a n d  t h e  7 0 ^  w h ic h  d i d  s o  w ere '  s a i d  t o  b e l o n g  t o  s u b - t y p e  Rhi
(2 0 )
I n  1943 Race e t  a l .  fo u n d  a n o t h e r  t y p e  o f  a n t i - R h  a g g l u t i n i n  
w h ich  o c c u r r e d  i n  t h é  se rum  o f  t h e  m o th e r  o f  a n  i n f a n t  s u f f e r i n g  f r o m  
h a e m o ly t i c  d i s e a s e  o f  t h e  f o e t u s .  T h i s  a g g l u t i n i n ,  w h ic h  r e a c t e d  
w i t h  30^' o f  b l o o d s  was c a l l e d  a n t i - R h g .  T h is  se ru m ,  t h e  f i r s t  of  i t s  
ty p e  t o  be d i s c o v e r e d  and  5 o t h e r  s i m i l a r  s e r a  fou nd  l a t e r  a r e  d e s c r i b e d  
b r i e f l y  b e lo w .
I n  a l l  6 c a s e s  b o t h  m o th e r  and i n f a n t  w e re  Rh p o s i t i v e ,  b u t  e a c h  
b e lo n g e d  t o  a d i f f e r e n t  Rh s u b - g r o u p .  W i t h o u t  e x c e p t i o n ,  t h e  b lo o d  o f  
t h e  i n f a n t  c o n t a i n e d  t h e  Rlig a n t i g e n  ( i n h e r i t e d  f r o m  t h e  f a t h e r ) ,  and 
t h e  m o th e r ,  l a c k i n g  t h i s  a n t i g e n ,  became im m u n ize d • t o  i t  and  a n  a n t i - R h g  
a g g l u t i n i n  was form ed  i n  h e r  s e ru m .  The h i g h e s t  t i t r a t i o n  v a l u e s  o f  
t h e  a n t i - R h g  a g g l u t i n i n s  fo un d  i n  t h e  6 c a s e s  w e re  2 5 6 ,  128,  16 ,  16,
8 , and 1 ,0 0 0  r e s p e c t i v e l y .  The c h i e f  i n t e r e s t  o f  t h e  f i n d i n g  of  t h e s e  
a n t i - R h g  a n t i b o d i e s  l i e s  i n  t h e  f a c t  t h a t  t h e y  show t h a t  i t  i s  p o s s i b l e  
t o  o b t a i n  i m m u n i z a t i o n  w i t h i n  t h e  s u b - g r o u p s  of  Rh owing t o  t h e  f a c t  t h a t  
t h e r e  i s  more t h a n  one Rh a n t i g e n  a n d ,  t h e r e f o r e ,  e x a m i n a t i o n  o f  t h e  
s e r a  o f  Rh p o s i t i v e  a s  w e l l  a s  Rh n e g a t i v e  I n d i v i d u a l s  w i l l  so m e t im es
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r e v e a l  t h e  p r e s e n c e  o f  Rh a n t i b o d i e s .
SECTION D. - '
imUNE AilTI-Rh ISO-AGGLUTININÛ IN Rh NEGATIVE 
Y/OIviEK PRODUCED AS A RESULT OF AN Rh POSITIVE 
BLOOD TRANSFUSION AND AN Rh POSITIVE FOETUS.
The Immune a n t i - R h  i s o - a g g l u t i n i n  i n  t h e s e  c a s e s  was p ro d u c e d  
as  a r e s u l t  o f  a d o u b le  s t i m u l a t i o n  w h ic h  was c a u s e d  by  a n  Rh p o s i t i v e  
f o e t u s  and a n  Rh p o s i t i v e  b lo o d  t r a n s f u s i o n .  The t i t r e s  cf t h e  
a n t i - R h  i s o - a g g l u t i n i n s  fo u n d  a r e  shown i n  T a b le  V I I .  I n  s p i t e  o f  
th e  d o u b le  s t i m u l a t i o n ,  t h e  d e g r e e  o f  immune r e s p o n s e  i s  n o t  r e m a r k a b l e .  
The h i g h e s t  t i t r e  r e c o r d e d  i s  128.
I n  c a s e s  134, 153,  and 154, t h e  t i t r e s  fo u n d  w e re  n o t  g r e a t e r  t h a n  
2 ,  I n  o r d e r  t o  d e m o n s t r a t e  t h e  s i g n i f i c a n c e  of  t i t r e s  o f  2 ,  t h e  
d e t a i l s  o f  t h e  t i t r e s  fo u n d  i n  c a s e  153 a r e  shwon i n  T a b le  V i l a .  I t  
i s  a p p a r e n t  f r o m  t h e s e  t h a t  a l t h o u g h  th e  t i t r a t i o n  v a l u e  i s  s n a i l  t h e r e  
was v e r y  d e f i n i t e  a g g l u t i n a t i o n  o f  t h e  Rh p o s i t i v e  r e d  c e l l s * .  T h e r e ­
f o r e  i t  i s  l e g i t i m a t e  t o  c o n c lu d e  t h a t  a n  Rh a n t i b o d y  was p r e s e n t  i n  
th e  m ate rna  1 se rum .  Moreover  i n  a l l  t h e  c a s e s  shown i n  T a b le  V I I  t h e  
i n f a n t  s u f f e r e d  f ro m  h a e m o l y t i c  d i s e a s e  o f  t h e  new born  -  a d i s e a s e  
a s s o c i a t e d  w i t h  t h e  p r e s e n c e  o f  Rh a g g l u t i n i n s  i n  t h e  m a t e r n a l  s e ru m .
Case  138 i s  o f  p a r t i c u l a r  i n t e r e s t  b e c a y s e  a n  a n t i - R h  i s o -  
a g g l u t i n i n  d i d  n o t  a p p e a r  i n  t h e  se rum  u n t i l  42 d a y s  a f t e r  t h e  d e l i v e r y  
of  t h e  i n f a n t .  The r e a s o n  f o r  t h i s  i s  t o  be d i s c o v e r e d  i n  t h e  f a c t  
t h a t  t h e  t r a n s f u s e d  Rh p o s i t i v e  e r y t h r o c y t e s  w e re  s u r v i v i n g  i n  t h e  
c i r c u l a t i o n  f o r  a lo n g  t im e  a f t e r  t h e  t r a n s f u s i o n  and d id  n o t  e n t i r e l y  
d i s a p p e a r  u n t i l  j u s t  a f t e r  t h e  a n t i - R h  i s o - a g g l u t i n i n  v/as d e t e c t e d .
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SECTION E
THE a c t i v a t i o n  OF im..U]lE ISO-AGGLUTINIFS BY 
A FACTOR CONTAINED IN HUMAN SERUM
V/hile  making p r e l i m i n a r y  e x p e r i m e n t s  t o  d e t e r m i n e  w h e t h e r  human 
complement p l a y s  a n y  p a r t  i n  t h e  s p e c i f i c  a g g l u t i n a t i o n  o f  immune s e r a ,  
an  i n t e r e s t i n g  phenomenon was o b s e r v e d .  The t i t r a t i o n  v a l u e  o f  t^he 
immune i s o - a g g l u t i n i n  c h o s e n  f o r  t h e  e x p e r i m e n t  was n o t i c e d  t o  be 
c o n s i d e r a b l y  I n c r e a s e d  when human se ru m  i n s t e a d  of  s a l i n e  was u sed  a s  
a d i l u e n t  f o r  t h e  t i t r a t i o n s .  The p r o t o c o l  of  t h i s  f i n d i n g  i s  shown i n  
Table  V I I I . Example  (1) of  t h i s  t a b l e  d e m o n s t r a t e s  t h a t  t h e  
t i t r a t i o n  v a l u e  of  th e  immune i s o - a g g l u t i n i n  when se rum  i s  t h e  d i l u e n t  
i s  1 ,0 00  a g a i n s t  a v a l u e  o f  64 when t h e  same i s o - a g g l u t i n i n  i s  t i t r a t e d  
i n  s a l i n e .  Example (2) shows c o m p a r a t i v e  t i t r e s  of a n o t h e r  immune 
i s o - a g g l u t i n i n  i n  s a l i n e  a n d  se rum  d i l u e - n t s .  I n  t h i s  i n s t a n c e ,  
t i t r a t i n g  i n  s e ru m  has  n o t  i n c r e a s e d  t h e  l e n g t h  of  t h e  t i t r a t i o n ,
) th e  t i t r a t i o n  v a l u e  b e i n g  4 ,0 0 0  i n  b o t h  s a l i n e  and s e r u m ) ,  b u t  t h e r e  
i s ,  h o w e v e r ,  a t i g h t e n i n g  o f  t h e  a g g l u t i n a t i o n  i n  some o f  t h e  
d i l u t i o n s  of t h e  se ru m  t i t r a t i o n ,  e . g .  a t  a d i l u t i o n  of  1 ,0 0 0  t h e  
a g g l u t i n a t i o n  i n  s a l i n e  i s  o n ly  v i s i b l e  m i c r o s c o p i c a l l y  and  i s  f a i r l y  
weak [ ( f ) ] ,  w h e r e a s  a t  t h e  c o r r e s p o n d i n g  o i l u t i o n  made i n  se ru m  t h e  
a g g l u t i n a t i o n  i s  c l e a r l y  v i s i b l e  m i c r o s c o p i c a l l y  ( v ) . When t h e  same • 
e x p e r i m e n t  was c a r r i e d  o u t ,  u s i n g  a n a t u r a l l y - o c c u r r i n g  o r  non-immune 
a n t i b o d y  (T ab le  V I I I ,  exam ple  3 ) ,  t h e r e  was no a p p r e c i a b l e  d i f f e r e n c e  
b e tw e e n  t h e  t i t r a t i o n s  i n  s a l i n e  and i n  s e r u m .  When t h e  se rum  t o  be 
used a s  a d i l u e n t  v;as h e a t e d  a t  56^0 f o r  ha I f - a n - h o u r , i t s  a m p l i f y i n g  
p r o p e r t y  was s t i l l  r e t a i n e d .
From t h e s e  f i r s t  e x p e r i m e n t s ,  t h e r e f o r e ;  i t  seemed p r o b a b le  t h a t  a
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method f o r  d i s t i n g u i s h i n g  b e tw e e n  immune and n a t u r a l  a n t i b o d i e s  had 
been  d i s c o v e r e d .  F u r t h e r  e x p e r i m e n t s  were  c a r r i e d  o u t  w i t h  t h i s  end 
i n  v i e w .
M e th o d s .
T e s t s  p e r f o r m e d  w i t h  s e v e r a l  d i f f e r e n t  human s e r a  showed t h a t  t h e y  
e a c h  p o s s e s s e d  t h e  power t o  i n c r e a s e  t h e  t i t r a t i o n  v a l u e  o f  a n  inmiune 
a n t i - s e r u m ,  a l t h o u g h  t o  a v a r y i n g  d e g r e e .  I t  w a s ,  t h e r e f o r e ,  d e c i d e d  
t h a t  b e f o r e  e x t e n d i n g  t h e  i n v e s t i g a t i o n  f u r t h e r ,  s t a n d a r d  s e r a  must  be 
c h o se n  f o r  u s e  a s  d i l u t i n g  f l u i d s .  I n  o r d e r  t o  s e l e c t  s a t i s f a c t o r y  
s e r a  i t  was n e c e s s a r y  t o  c o n s i d e r  t h r e e  p o i n t s ; -
(a)  The a m p l j ' f y in g  power of  t h e  se rum .  D i f f e r e n t  
s e r a  w e re  found  t o  v a r y  m a r k e d ly  i n  t h e i r  power 
t o  i n c r e a s e  or  a m p l i f y  t h e  s t r e n g t h  o f  a n  i s o ­
a g g l u t i n i n  t i t r e .  T h e r e f o r e ,  f o r  t h e  p u rp o s e
of  s e l e c t i n g  s t a n d a r d  s e r a  w i t h  good a m p l i f i c a t i o n  
p r o p e r t i e s ,  a n  a n t i - R h  a g g l u t i n i n  was t i t r a t e d  
i n  many s e r a  of g r o u p s  A, ,B and AB. The ' 
a m p l i f i c a t i o n  fo u n d  i n  e a c h  c a s e  was e x p r e s s e d  
a s  a n  i n d e x  . s i m i l a r  t o  t h e  i n h i b i t i o n  i n d e x .  - 
T h u s ,  i f  a g i v e n  se ru m  i n c r e a s e d  th e  s t r e n g t h  
o f  t h e  immune se ru m  e i g h t  t i m e s ,  t h e  a m p l i f i c a t i o n  
was s a i d  t o  be 8 .  As shown i n  T a b l e s  IX and X, 
t h e r e  was a v e r y w i d e  v a r i a t i o n  o f  a m p l i f i c a t i o n ,  
r a n g i n g  f r o m  ü t o  64 .
(b) The ABO g r o u p  o f  t h e  se rum .  When e r y t h r o c y t e s
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o f  g r o u p  0 v ;e re  u s e d  f o r  t i t r a t i o n  p u r p o s e s ,
( e . g .  f o r  t i t r a t i o n  o f  a n t i - R h  s e r a ) ,  t h e  
d i l u t i n g  s e r u m  c o u l d  be  c h o s e n  i r r e s p e c t i v e  
o f  i t s  ABO g r o u p ,  b u t  f o r  t i t r a t i o n  o f  a n t i - A  
a n d  a n t i - B  s e r a  o b v i o u s l y  i t  was  e s s e n t i a l  
t o  t a k e  t h e  A5Ô g r o u p  o f  t h e  d i l u t i n g  s e ru m  
i n t o  a c c o u n t .  Anti-^i .  a g g l u t i n i n s  w e re  t i t r a t e d  ' 
i n  a s t a n d a r d  se ru m  o f  g r o u p  A a n d  a n t i - B  
a g g l u t i n i n s  i n  a s t a n d a r d  s e r u m  o f  g r o u p  B.
I n  many c a s e s  b o t h  a n t i  -A and  a n t i - B  
a g g l u t i n i n s  w e re  t i t r a t e d  i n  a s e r u m  o f  g r o u p  
AB.
(c)  The i n h i b i t i o n  i n d e x  o f  t h e  s e r u m .
The f a c t  t h a t  a l l  o r  a l m o s t  a l l  s e r a  o f
g r o u p s  A ,  B and  A3 c o n t a i n  v a r y i n g  q u a n t i t i e s  .
o f  s o l u b l e  A o r  B a g g l u t i n o g e n  h a s  b e e n
d i s c u s s e d  a b o v e .  ( S e c t i o n  B ) . S i n c e  t h i s
s o l u b l e  s e r u m  a g g l u t i n o g e n  w o u ld  i n  p a r t
n e u t r a l i s e  t h e  a m p l i f i c a t i o n  e f f e c t  when  immune
a n t i - A  a n d  a n t i - 3  s e r a  w e re  t i t r a t e d  i n  s e r a
o f  g r o u p s  ^  and  B r e s p e c t i v e l y ,  s t a n d a r d  s e r a  w i t h
no i n h i b i t i o n  i n d e x  w e r e  s e l e c t e d  f o r  t h e s e
e x p e r i m e n t s .  T h i s  p r e c a u t i o n  m i n i m i s e d  b u t  d id
n o t  e n t i r e l y  e l i m a t e  t h e  n e u t r a l i s i n g  a c t i o n
, o f  t h e  se ru m  a g g l u t i n o g e n ,  b e c a u s e  e v e n  s e r a
sh o w in g  no i n h i b i t i o n  i n d e x  c o n t a i n  s m a l l  
«
q u a n t i t i e s  o f  a g g l u t i n o g e n .  I t  m u s t ,  t h e r e f o r e ,
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b e  b o r n e  i n  m in d ,  when a s s e s s i n g  t h e  i n c r e a s e  
i n  t i t r e  o f  a n t i - A  and  a n t i - B  a g g l u t i n i n s  i n  
s e r u m ,  t h a t  t h e  a m p l i f i c a t i o n  w o u ld  be e v e n  
g r e a t e r  w e r e  i t  p o s s i b l e  to. e l i m a t e  e n t i r e l y  
t h e  n e u t r a l i s i n g  e f f e c t  o f  t h e  s e r u m  a g g l u t i n o g e n .
_ The a m p l i f i c a t i o n  phenomenon t a k e s  p l a c e  i n  
s p i t e  o f  t h e  p r e s e n c e  o f  se rum  a g g l u t i n o g e n  i n  
t h e  s e r u m  d i l u e n t .
T i t r a t i o n  o f  A g g l u t i n i n s  i n  3a l i n e  and i n  3 e ru m .
1. A n t i - R h . .
49 a n t i - R h  s e r a  w e r e  t i t r a t e d  i n  s a l i n e  and  i n  s e ru m  (No. 11 
t a b l e  10) u s i n g  t h e  t e c h n i q u e  a l r e a d y  d e s c r i b e d  a n d  t h e  t i t r a t i o n  
v a l u e s  c o m p a r e d .  ( T a b l e  X I ) .  I n  a l l  b u t  t h r e e  c a s e s  t h e s e  w e r e  
h i g h e r  i n  s e r u m  t h a n  i n  s a l i n e ,  t h e  a m p l i f i c a t i o n s  v a r y i n g  f r o m  2 t o  
32, A c o m p a r i s o n  o f  t h e  s i z e  o f  t h e  a g g l u t i n a t e s  a t  t h e  same d i l u t i o n  
i n  t h e  two d i l u e n t s  a I m o s t  i n v a r i a b l y  showed th em  t o  be l a r g e r  and  
f i r m e r  i n  s e r u m .  T h i s  seemed t o  be  a c h a r a c t e r i s t i c  a n d  f a i r l y  
c o n s t a n t  phenom enon  a n d  was d i s p l a y e d  e v e n  i n  t h e  c a s e s  w h e re  no 
a c t u a l  i n c r e a s e  i n  t h e  t i t r e  c o u l d  be  d e m o n s t r a t e d ,  ( s e e  T a b l e  V I I I ,  
example  2 ) .
S e v e r a l  a n t i - R h  s u b - g r o u p  s e r a  w e r e  t e s t e d  i n  s a l i n e  a n d  i n  
serum i n  t h e  same m a n n e r .  A l l  o f  t h e s e  ( T a b le  X I I )  showed a - d e f i n i t e
i n c r e a s e  i n  t i t r e  i n  t h e  s e r u m  d i l u e n t .
 ^ &
2.  Immune an d  N a t u r a l  a>nt i-A  and ' A n t i - B .
9 a n t i - A  and  a n t i - B  a g g l u t i n i n s  w h i c h  w e re  n a t u r a l  a n t i b o d i e s  
were t e s t e d .  h one  o f  t h e s e  showed a n y  i n c r e a s e  i n  t i t r e  i n  s e r u m .
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nor  was t h e r e  a m  d i f f e r e n c e  i n  t h e  d e g r e e  o f  a g g l u t i n a t i o n  a t  t h e  
same d i l u t i o n  i n  s e r u m  and  s a l i n e .
The same t e s t  was  n e x t  c a r r i e d  o u t  u s i n g  immune a n t i - A  and 
a n t i - B  a g g l u t i n i n s .  13 o f  t h e s e  w e re  p r o d u c e d  hy  s t i m u l a t i o n  due 
t o  a f o e t u s  i n  u t e r o  an d  2 h y  i n j e c t i o n s  o f  A g r o u p  s p e c i f i c  s u b s t a n c e  
( L o u t i t  a n d  M organ ,  1945 ,  u n p u b l i s h e d  e x p e r i m e n t s ) .  I n  m ost  c a s e s  
th e  i n d i v i d u a l s  b e l o n g e d  t o  g r o u p  0 and  t h e i r  s e r a  c o n t a i n e d  i n  
a d d i t i o n  t o  a n  immune a g g l u t i n i n ,  a non-immune a g g l u t i n i n  w h i c h  
form ed a n  e x c e l l e n t  c o n t r o l .  T a b l e  X I I I  r e c o r d s  t h e  v a l u e s  o b t a i n e d .  
I n  a l l  b u t  c a s e  3 the^ immune a g g l u t i n i n  was a n t i - A  a n d  i t  c a n  be  s e e n  
t h a t  t h e  t i t r a t i o n  v a l u e  o f  t h i s  a g g l u t i n i n  was n e a r l y  a l w a y s  m a r k e d l y  
i n c r e a s e d  i n  t h e  s e r u m  d i l u e n t .  I n  c a s e  7 ,  a l t h o u g h  t h e  a m p l i f i c a t i o n  
wa,s 0 ,  t h e  c h a r a c t e r i s t i c  t i g h t e n i n g  o f  t h e  a g g l u t i n a t i o n  i n  s e r u m  was 
o b s e r v e d .  A l t h o u g h  i n  a l l  t h e s e  c a s e s  t h e  t i t r e  o f  t h e  a n t i - B ,  w h i c h  
was t h e  non- imm un e ' a g g l u t i n i n ,  showed no i n c r e a s e  i n  s e r u m .  I n  t h r e e  
c a s e s  ( 5 , 1 2 ,  and  15) i t  was i n h i b i t e d .  The r e a s o n  f o r  t h i s  i s  n o t  
known. I t  m ig h t  be  a c c o u n t e d  f o r  by  t h e  p r e s e n c e  o f  B g r o u p  s p e c i f i c  
s u b s t a n c e  i n  t h e  d i l u e n t  s e ru m  b u t  t h i s  i s  n o t  a l i k e l y  e x p l a n a t i o n  
s i n c e  o t h e r  a n t i - B  a g g l u t i n i n s  w e r e  n o t  a f f e c t e d  i n  t h e  same w a y ,  and  
a l s o  t h e  d i l u e n t  s e r u m  was c h o s e n  b e c a u s e  i t  had  no i n h i b i t i n g  e f f e c t  
on a n  a n t i - 3  t i t r e .  The a n t i - B  t i t r a t i o n  i n  c a s e  15 was r e p e a t e d  on  
a s u b s e q u e n t  o c c a s i o n  and  t h e  r e s u l t  was f o u n d  t o  be  u n a l t e r e d .
I n  c a s e  3 ,  i n  w h i c h  t h e  a n t i - B  was t h e  immune a g g l u t i n i n ,  t h e r e  
was a n  a m p l i f i c a t i o n  o f  i t s  t i t r e  i n  t h e  s e r u m  d i l u e n t .
A d e t a i l e d  p r o t o c o l  o f  one o f  t h e  i n d i v i d u a l s  o f  g r o u p  0 who 
r e c e i v e d  i n j e c t i o n s  o f  A g r o u p  s p e c i f i c  s u b s t a n c e  i s  shown i n  T a b le  
XIV, An e x a m i n a t i o n  o f  t h e  r e s u l t s  g i v e n  f o r  t h e  a n t i - A  a g g l u t i n i n
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r e v e a l s  no a p p r e c i a b l e  d i f f e r e n c e . b e t w e e n  t h e  t i t r e s  i n  t h e  two d i l u e n t s  
up t o  t h e  t h i r d  d a y .  By t h e  e i g h t h  day  a f t e r  t h e  i n j e c t i o n  o f  t h e  A 
s u b s t a n c e  t h e r e  was a v e r y  d e f i n i t e  t i g h t e n i n g  of  t h e  a g g l u t i n a t i o n  i n  
t h e  s e ru m  d i l u e n t  and t h e  a m p l i f i c a t i o n  was 2 .  No s u c h  t i g h t e n i n g  of  
a g g l u t i n a t i o n  was p r e s e n t  i n  t h e  c o r r e s p o n d i n g  a n t i - B  t i t r a t i o n .  
i;y t h e  e l e v e n t h  day  a f t e r  t h e  i n j e c t i o n  a v e r y  s t r i k i n g  d i f f e r e n c e  
b e tw e e n  t h e  s a l i n e  and s e ru m  t i t r a t i o n s  o f  t h e  a n t i - A  a g g l u t i n i n  was 
a p p a r e n t  and  a n  a m p l i f i c a t i o n  of  8 was r e c o r d e d .  T h is  i s  t o  be 
e x p e c t e d  i f  t h e  a g g l u t i n i n  a c t i v a t i n g  s u b s t a n c e  i n  s e ru m  I n c r e a s e s  t h e  
a c t i v i t y  o f  immune a g g l u t i n i n s  o n l y  and d o e s  n o t  a f f e c t  t h o s e  w h ic h  
a r e  non- im m une.  By t h e  e l e v e n t h  day  a f t e r  t h e  i n j e c t i o n  t h e  
p r o d u c t i o n  o f  immune a n t i - A  a g g l u t i n i n s  i s  u s u a l l y  n e a r  i t s  p e a k ,  
t h e r e f o r e  t h e  maximum d i f f e r e n c e  b e t w e e n  t h e  s a l i n e  and se rum  
t i t r a t i o n s  w i l l  be a t  t h i s  t i r /B .
3.  Immune and N a tu ra  1 o( a g g l u t i n i ns .
3 n a t u r a l  and  2 i m m u n e a g g l u t i n i n s  w ere  t i t r a t e d  i n  s a l i n e  
and s e r u m .  2 o f  t h e  3 n a t u r a l  -agg l u t  i n i  ns w ere  f o u n d  i n  t h e  s e r a  
of p e r s o n s  b e l o n g i n g  t o  g r o u p  AoB and  th e  t h i r d  was p r e p a r e d  f r o m  
th e  se ru m  o f  a g r o u p  B i n d i v i d u a l  by a b s o r p t i o n  w i t h  r e d  c e l l s  o f  
s u b - g r o u p  A g .  None of  t h e s e  a g g l u t i n i n s  showed a n y  I n c r e a s e  i n  
t i t r e  i n  . the  se ru m  d i l u e n t ,  ( see  Tad.e XV),
Of t h e  2 immuneb^ 2  a g g l u t i n i n s ,  one was p ro d u c e d  by s t i m u l a t i o n  
cau sed  by  f o e t u s  i n  u t e r o  and t h e  o t h e r  by t r a n s f u s i o n  o f  A j  b l o o d  t o  
an  i n d i v i d u a l  o f  s u b - g r o u p  A g . B o th  t h e s e  immune a g g l u t i n i n s , 
in .  c o n t r a s t  t o  t h e  n a t u r a  1 p a g g l u t i n i n s ,  showed a d e f i n i t e  i n c r e a s e  
i n  t i t r a t i o n  v a l u e  i n  t h e  se rum  d i l u e n t .
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DISCUSSION.
From t h e  a b o v e  r e s u l t s  i t  i s  a p p a r e n t  t h a t  t h e  a g g l u t i n a t i n g  
power o f  some a g g l u t i n i n s  i s  enhanced  i f  t h e y  a r e  t i t r a t e d  i n  a se rum  
i n s t e a d  o f  a s a l i n e  d i l u e n t .  I n  some c a s e s  v e r y  g r e a t  a m p l i f i c a t i o n  
of t i t r e  was fou n d  ( e . g .  T ab le  XI n o s .  3 ,  1 6 -1 9 )  a l t h o u g h  i n  many 
o t h e r s  fche a m p l i f i c a t i o n  was s m a l l .  I n  t a b l e  XI 15 o u t  o f  t h e  49
exam ples  shown have  a m p l i f i c a t i o n s  o f  2 o n l y . )  N e v e r t h e l e s s  t h e s e
s l i g h t  a m p l i f i c a t i o n s  a r e  c o n s i d e r e d  t o  be s i g n i f i c a n t  b e c a u s e  i n  
p r a c t i c a l l y  a l l  ô à s e s  t h e y  w ere  a cc om p an ied  by a t i g h t e n i n g  and 
i n c r e a s e  i n  s i z e  o f  t h e  c lumps of  c e l l s  w h i c h ,  a s  h a s  b e e n  m e n t i o n e d ,  
above,  was a n  a lm o s t  c o n s t a n t  phenomenon when t h e s e  a g g l u t i n i n s  were  
t i t r a t e d  i n  a se rum  d i l u e n t .
The o n ly  r e f e r e n c e  t o  a n  a g g l u t i n i n  a c t i v a t i n g  s u b s t a n c e  i n
( 2 6 )
human se rum  t o  be fo u n d  i n  t h e  l i t e r a t u r e  i s  t h a t  o f  W a a l e r .
H e - r e p o r t s  t h e  o c c u r r e n c e  of  a f a c t o r  i n  human serum  c a p a b l e  of
a c t i v a t i n g  t h e  s p e c i f i c  a g g l u t i n a t i o n  of s h e e p  b lo o d  c o r p u s c l e s .
Â s m a l l  q u a n t i t y  o f  human serum was added  t o  a s e r i e s  of  d i l u t i o n s  
of a n t i - s h e e p  c o r p u s c l e  s rum w i t h  t h e  r e s u l t  t h a t  t h e  a g g l u t i n a t i o n  
t i t r e  i n c r e a s e d  many t i m e s ,  t h e  a c t u a l  f i g u r e s  g i v e n  b e i n g  2 , 0 0 0  
w i t h o u t  human se rum  and 6 4 ,0 0 0  w i t h  .01  c . c .  o f  human se rum  ad d ed  t o  
each  t u b e . W a a le r  d i d  n o t  c o r r e l a t e  t h e  phenomenon w i t h  immune 
a n t i b o d i e s  and  a p p a r e n t l y  c o n f i n e d  h i s  a t t e n t i o n  t o  a n i m a l  s e r a .
I t  seems l i k e l y ,  h o w e v e r ,  t h a t  t h e  f a c t o r  v^hich c a u s e s  t h e  i n c r e a s e  
i n . a g g l u t i n a t i n g  power o f  hitman immune, s e r a  i s  i d e n t i c a l  w i t h  t h a t  
d e s c r i b e d  by h im .
I.:0st hî man s e r a  seem t o  c o n t a i n  t h i s  f a c t o r ,  a l t h o u g h  i n  am ounts
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w h i c h . v a r y  c o n s i d e r a b l y  f ro m  i n d i v i d u a l  t o  i n d i v i d u a l .  Very  l i t t l e  
i s  known a b o u t  t h e  n a t u r e  o f  t h e  f a c t o r .  That  t h e  a m p l i f y i n g  power 
of se rum  i s  n o t  d e s t r o y e d  by h e a t i n g  a t  5 6 ° C . f o r  h a l f  a n  h o u r  p ro v e s  
t h a t  i t  c a n n o t  be  complement  a s  a w h o le ,  n o r  one or  more o f  i t s  h e a t  
l a b i l e  f r a c t i o n s .  T h i s  i s  c o n f i r m e d  by t h e  f a c t  t h a t  t h e  p r o p e r t y  i s  
r e t a i n e d  e v e n  a f t e r  t h e  se rum  i s  s t o r e d  f r o z e n  s o l i d  f o r  many m o n th s .
The i n c r e a s e  i n  t i t r e  i n  t h e  serum d i l u e n t  was n o t  c a u s e d  by ^
th e  e x t r a  v i s c o s i t y  o f  t h e  se ru m ,  o t h e r w i s e  th e  t i t r e  o f  n a t u r a l l y  
o c c u r r i n g  a n t i b o d i e s  would  a l s o  be g r e a t e r  i n  t h e  se rum  d i l u e n t  t h a n  
i n  s a l i n e .  The d i f f e r e n t i a t i o n  b e tw e e n  immune and n a t u r a l l y  o c c u r r i n g  
a g g l u t i n i n s  i s  p r o b a b l y  t h e  most i m p o r t a n t  p o i n t  w h ic h  em erges  f r o m  th e  
work i n  t h i s  s e c t i o n .  I t  would seem t o  i n d i c a t e  a d e f i n i t e  q u a l i t a t i v e  ' 
d i f f e r e n c e  b e tw e e n  immune and  non-immuhe a g g l u t i n i n s .
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COMPARISON 3ËTV/EEN IMMÜIIE REDPQNS33 TO THE AGGrLUTINQGSNS A, B AID R h .
A l t h o u g h  t h e r e  a r e  p o i n t s  of  d i s s i m i l a r i t y  b e t w e e n - t h e  
immune r e s p o n s e s  p ro d u ce d  by t h e  b lo o d  g ro u p  f a c t o r s  A, B and 
Rh, t h e  r e s p o n s e  t o  e a c h  a n t i g e n  c o n fo rm s  w i t h  t h e  same g e n e r a l  
p a t t e r n .  I n  e v e r y  i n s t a n c e  - immune i s o - a g g l u t i n i n s  a r e  p ro d u ce d  
i n  t h e  se rum  w h ic h  r a p i d l y  i n c r e a s e  i n  t i t r e  u n t i l  t h e  p e a k  of  
the  r e s p o n s e  i s  a t t a i n e d  be-tween 5 a n d  2 0 ^ a j t e r  b lo o d  
t r a n s f u s i o n  o r  d e l i v e r y .  The d i s a p p e a r a n c e  o f  t h e s e  immune 
i s o - a g g l u t i n i n s  f r o m  th e  s e r u m - i s  u s u a l l y  g r a d u a l  and  t h e y  may 
be foun d  months o r  e v e n  y e a r s  a f t e r  t h e  immune r e s p o n s e  h a s  
b een  s t a r t e d .  A l l  t l i r e e  a n t i g e n s  s t i m u l a t e  t h e  p r o d u c t i o n  o f  
a n t i b o d i e s  w h ic h  a r e  a c t i v e  a t  3 7 ,  b u t  w h e r e a s  t h i s  t e m p e r a t u r e  
i s  t h e  optimum f o r  t h e  a c t i v i t y  o f  t h e  a n t i - R h  i s o - a g g l u t i n i n ,  t h e  
a n t i - A  and  a n t i - B  i s o - a g g l u t i n i n s  a r e  more a c t i v e  a t  lo w er  
t e m p e r a t u r e s .
The A and B a g g l u t i n o g e n s  a l m o s t  a Iw ay s  seem t o  c a u s e  a n  immune 
r e s p o n s e  when i n j e c t e d  i n t o  t h e  a p p r o p r i a t e  i n d i v i d u a l s .  I n  a l l  
c a se s  i n  w h ic h  t h e r e  was a b l o o d  t r a n s f u s i o n  o f  i n c o m p a t i b l e  ABO g ro u p  
t h e r e  was a n  i n c r e a s e  i n  t i t r e  o f  e i t h e r  t h e  a n t i - A  o r  a n t i - B  i s o ­
a g g l u t i n i n  o r  b o t h .  Only one c a s e  i n  t h e  s e r i e d  of  se rum  i n j e c t i o n s  
f a i l e d  t o  r e s p o n d  and 36 o u t  of  44 c a s e s ,  i n  w h ic h  t h e  s t i m u l a t i o n  
/ was due t o  a n  A o r  B f o e t u s  i n  u t e r o , showed a n  i n c r e a s e  i n  t i t r e  o f  
the  c o r r e s p o n d i n g  a n t i - A  o r  a n t i - B  i s o - a g g l u t i n i n .  On t h e  o t h e r  h a n d ,  
a f i r s t  s t i m u l a t i o n  by t h e  Rli a g g l u t i n o g e n  r a r e l y  evoked  an  1 mmune 
r e s p o n s e .  I n  4 o f  t h e  5 c a s e s  e x a m i n e d . i n  w h ic h  Rh a n t i b o d i e s  w ere  
produced f o l l o w i n g  t r a n s f u s i o n  of  R h ' p o s i t i v e  b lo o d  i n  Rh n e g a t i v e  
i n d i v i d u a l s ,  t h e r e  had  b e e n  s e v e r a l  p r e v i o u s  t r a n s f u s i o n s .  S i m i l a r l y ,
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ou t  o f  more t h a n  ICO p r e g n a n c y  c a s e s  i n v e s t i g a t e d ,  o n l y  4 w ere  fo un d  
i n  w h i c h - a n t i - R h  i s o - a g g l u t i n i n s  w ere  p ro d u ce d  a s  a r e s u l t  o f  a f i r s t  
p r e g n a n c y .  The a b o v e  f a c t s  l e a d  one t o  t h è  c o n c l u s i o n  t h a t  t h e  A and 
•B a g g l u t i n o g e n s  a r e  more s t r o n g l y  a n t i g e n i c  i n  man t h a n  th e  Rh. The 
p r o d u c t i o n  o f  immune a n t i - A  and a n t i - B  i s o - a g g l u t i n i n s , h o w e v e r ,  may be 
f a c i l i t a t e d  b e c a u s e ,  i n  c o n t r a s t  t o  t h e  a n t i - R h  i s o - a g g l u t i n i n ,  t h e s e  
i s o - a g g l u t i n i n s  a r e  a l r e a d y  p r e s e n t  i n  t h e  se rum  b e f o r e  t h e  immune 
r e s p o n s e  t a k e s ' p l a c e .  A more c o m p le te  knowledge  o f  t h e  a n t i g e n i c i t y  o f  
th e  b lo o d  g r o u p  f a c t o r s  i n  man c o u ld  be o b t a i n e d  i f  i t  w e re  . p o s s i b l e  t o  
immunise d e l i b e r a t e l y  a l a r g e  number o f  i n d i v i d u a l s  t o  t h e s e  f a c t o r s .
Up t o  t h e  p r e s e n t  .time t h e  optimum d o s e s  of  a n  a g g l u t i n o g e n  n e c e s s a r y  
to  p r o d u c e  t h e  optimum r e s p o n s e  and  t h e  t im e  i n t e r v a l  a t  w h ic h  t h e s e  
doses  s h o u l d  be g i v e n  have  n o t  b e e n  i n v e s t i g a t e d .
J
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THE CLINICAL SIGNIFICANCE OF I B O - I i l  .UNXSATIQIT IN THE HUIA F  SUBJECT.
A d e t a i l e d  a c c o u n t  o f  t h e  c l i n i c a l  s i g n i f i c a n c e  o f  i s o ­
i m m u n i s a t i o n  i s  beyond t h e  scope  o f  t h i s  w o rk ,  b u t  owing t o  i t s  
g r e a t  i n t e r e s t  and p r a c t i c a l  i m p o r t a n c e  a b r i e f  summary i s  i n c l u d e d  
 ^ h e r e .
The f o r m a t i o n  o f  imt-’une i s o - a g g l u t i n i n s  f o l l o w i n g  b lo o d  
t r a n s f u s i o n  may l e a d  t o  s e r i o u s  o r  f a t a l  r e a c t i o n s .  I f  a n  immune 
i s o - a g g l u t i n i n  h a s  b e e n  p ro d u ce d  a s  a r e s u l t  of  one t r a n s f u s i o n ,  
and a f u r t h e r  t r a n s f u s i o n  of  t h e  same k ind ,  o f  b lo o d  i s  g i v e n ,  a n  
i n c o m p a t i b l e  t r a n s f u s i o n  r e a c t i o n  i s  l i k e l y  t o  o c c u r .  M o re o v e r ,  
t h e  r e a c t i o n  w i l l  be  o f  g r e a t e r  s e v e r i t y  i f  t h e  t im e  o f  t h e  b l o o d  
t r a n s f u s i o n  c o i n c i d e s  w i t h  t h e  t im e  o f  t h e  p e a k  of t h e  immune 
■ re sp o n se .  I n  o r d e r  t o  m in im ise  t h i s  d a n g e r  t h e  d o n o r ’ s e r y t h r o c y t e s  
sh o u ld  be c r o s s - m a t c h e d  w i t h ' t h e  r e c i p i e n t ’ s s e ru m  a t  3 7^0 ,  b e f o r e  
e a c h  t r a n s f u s i o n .  T h is  i s  p a r t i c u l a r l y  i m p o r t a n t  i f  s e v e r a l  
t r a n s f u s i o n s  a r e  g i v e n  a t  i n t e r v a l s ,  f o r  by t h i s  method immune a n t i ­
b o d i e s  w h ic h  may a p p e a r  a f t e r  any  one of  t h e  t r a n s f u s i o n s  a r e  l i k e l y
1
to  be d e t e c t e d .
The most  i m p o r t a n t  a s p e c t  o f  i m m u n i s a t i o n  a s  a r e s u l t  o f  p r e g n a n c y
i s  t h e  e f f e c t  o f  t h e  immune i s o - a g g l u t i n i n s  pn  t h e  c l i n i c a l  c o n d i t i o n
(15)
' of t h e  i n f a n t .  i t  i s  now e s t a b l i s h e d  (Levine  e t  a l . )  t h a t  
■ h aem oly t ic  d i s e a s e  o f  t h e  f o e t u s  o r  newborn i s  c a u s e d  by immune a n t i ­
b o d i e s  p ro d u c e d  i n  t h e  m a t e r n a l  se rum  w h ic h  a r e  i n c o m p a t i b l e  v j i t h  
th e  i n f a n t ’ s e r y t h r o c y t e s .  I n  t h e  m a j o r i t y  o f  c a s e s  i t  has  b e e n  
found t h a t  t h e  a n t i b o d y  r e s p o n s i b l e  i s  t h e  a n t i - R h  and t h a t  t h e  
t y p i c a l  s e r o l o g i c a l  p i c t u r e  a s s o c i a t e d  w i t h  t h e  d i s e a s e  i s ; -
-  37 -
M other  Rh n e g a t i v e  ( w i th  a n t i - R h  i s o - a g g l u t i n i n s  i n  h e r  serum)
F a t h e r  Rh p o s i t i v e
I n f a n t  Rh p o s i t i v e
The way i n  w h ic h  t h e  Rh a g g l u t i n o g e n  of t h e  f o e t u s  e n t e r s  t h e
m a t e r n a l  c i r c u l a t i o n  i s  n o t  c l e a r .  I t  h a s  b e e n  c o n s i d e r e d , ( W i e n e r ,
(29)
Blood g r o u p s  and T r a n s f u s i o n ) ,  t h a t  t h e  i n f a n t ’ s e r y t h r o c y t e s  a r e  
a b l e  t o  c r o s s  t h e  p l a c e n t a ,  t h u s  e n t e r i n g  t h e  m a t e r n a l  c i r c u l a t i o n  
and t h e r e b y  s t i m u l a t i n g  t h e  p r o d u c t i o n  o f  a n t i - R h  a n t i b o d i e s .  I n  
a r e c e n t  p u b l i c a t i o n  W i t e b s k y  c o n te n d s  t h a t  Rh s u b s t a n c e  i s  p r e s e n t  i n  
a s o l u b l e  fo rm  i n  a m n i o t i c .f l u i d . I f  t h i s  i s  so y  i t  i s  p o s s i b l e  t h a t  
t h i s  s o l u b l e  s u b s t a n c e  m ig h t  cause, t h e  s e n s i t i z a t i o n  i n  t h e  m o th e r .
77 o f  th e  79 f a m i l i e s  s t u d i e d  i n  s e c t i o n  C (3) [ f i g . 17]  a r e  
a r r a n g e d  d i a g r a m m a t i c a l l y  i n  g r o u p s  a c c o r d i n g  t o  t h e  p e ak  t i t r e  o f  
th e  a n t i - R h  i s o - a g g l u t i n i n  fo u n d  i n  t h e  m a t e r n a l  se rum  a f t e r  th e  b i r t h  
of t h e  l a s t  i n f a n t .  Each narrow  s t r i p  r e p r e s e n t s  one f a m i l y  and i s  
s u b - d i v i d e d  a c c o r d i n g  t o  t h e  number o f  c h i l d r e n  i n  t h e  f a m i l y .  The 
c h i l d r e n  a r e  a r r a n g e d  i n  c h r o n o l o g i c a l  o r d e r  and t h e i r  c l i n i c a l  
c o n d i t i o n  a t  b i r t h  i s  i n d i c a t e d  a s  shown i n  t h e  k e y .  The a r r a n g e m e n t  
of  f a m i l i e s  i n  t h i s  manner r e v e a l s  t h e  f o l l o w i n g  p o i n t s  o f  i n t e r e s t î -
(a) The m a j o r i t y  o f  f i r s t  i n f a n t s  a r e  u n a f f e c t e d  
w i t h  h a e m o l y t i c  d i s e a s e .  I n  f a c t  i n  t h e  e n t i r e  
s e r i e s  o n ly  4 f a m i l i e s  w e re  fo u n d  i n  w h ic h  t h e  
f i r s t  i n f a n t  was d e f i n i t e l y  a f f e c t e d .  T h is  
i n d i c a t e s  t h a t  i t  i s  u s u a l l y  n e c e s s a r y  f o r  t h e  
m o th e r  t o  r e c e i v e  more t h a n  one Rh p o s i t i v e  
s t i m u l u s  i n  o r d e r  t o  become immunised t o  t h e
-  38 -
iih a g g l u t i n o g e n .  I n  t h i s  s e r i e s  o f  f a m i l i e s
. j u s t  o v e r  h a l f  o f  t h e  s i b l i n g s  were  Rh t y p e d .  #
Of t h e s e  o n l y  2 . were  fo u n d  t o  be Rh n e g a t i v e ,
and  a s  i n d i c a t e d  i n  f i g . 17 b o t h  w ere  o f  t h e
same f a m i l y .  T h is  i s  no d o u b t  c o r r e l a t e d
w i t h  t h e  f a c t  now e s t a b l i s h e d  bv  T a y l o r  and 
(24)
Race t h a t  i n  f a m i l i e s  i n  w h ic h  h a e m o l y t i c  
d i s e a s e  of , t h e  f o e t u s  o c c u r s ,  most  of t h e  
i n f a n t s  a r e  Rh p o s i t i v e .
(b) Once a n  a f f e c t e d  i n f a n t  ha s  b e e n  b o r n ,  
most o f  th e  s u b s e q u e n t  c h i l d r e n  i n  t h e  f a m i l y  
Vi/ill a l s o  be  a f f e c t e d  w i t h  h a e m o l y t i c  d i s e a s e .
(c)  T he re  i s  no d i r e c t  c o r r e l a t i o n  b e tw e e n
t h e  t i t r e  o f  the^ a n t i - R h  i s o - a g g l u t i n i n s  i n  
«
t h e  m a t e r n a l  se rum  and  t h e  number of
s t i m u l i  t h e  m o th e r  r e c e i v e s .  T h is  i s  t r u e
w h e t h e r  a l l  Rh p o s i t i v e  I n f a n t s  a r e  r e g a r d e d
a s  s t i m u l i  o r  o n ly  t h o s e  a f f e c t e d  w i t h
h a e m o l y t i c  d i s e a s e .  T h is  p o i n t  i s  i l l u s t r a t e d
by t h e  s i m i l a r i t y  b e tw e e n  t h e  g r o u p  of  f a m i l i e s
. i n  w h ic h  t h e  t i t r e  o f  t h e  a n t i - R h  i s o - a g g l u t i n i n
vms 2 and  t h e  g r o u p  i n  w h ic h  t h e  t i t r e -  was 256 ;
a l s o  by t h e  f a c t  t h a t  t h e  h i g h e s t  t i t r e  o f  a l l  
was fo u n d  i n  a f a m i l y  i n  w h ic h  t h e r e  w ere  o n ly
- " 2 c h i l d r e n ,  t h e  f i r s t  of  w h ic h  was n o r m a l  and
•
' t h e ' s e c o n d  a f f e c t e d  v j l t h  h a e m o l y t i c  d i s e a s e .
m
-  39 -
I t  I s  e x t r e m e l y  i m p o r t a n t  when i t  becomes n e c e s s a r y  t o  
t r a n s f u s e  Rh n e g a t i v e  m o th e r s  whose s e r a  c o n t a i n  Rh i s o - a g g l u t i n i n s ,  
t h a t  t h e y  s h o u ld  r e c e i v e  Rh n e g a t i v e  b l o o d .  I f  Rh p o s i t i v e  b lo o d  
i s  g i v e n ,  n o t  o n l y  i s  t h e r e  a r i s k  o f  c a u s i n g  a s e r i o u s  t r a n s f u s i o n  
r e a c t i o n ,  b u t  t h e r e  i s  a l s o  a g r e a t , p o s s i b i l i t y  o f  t h e  Rh p o s i t i v e  
b lo o d  a c t i n g  a s  a f u r t h e r  s t i m u l u s  f o r  t h e  p r o d u c t i o n  o f  immune 
a n t i - R h  i s o - a g g l u t i n i n s .  I t  i s  o b v io u s  t h a t  t h i s  would be u n d e s i r a b l e  
I d e a l l y ,  e v e r y  Rh n e g a t i v e  woman o f  c h i l d - b e a r i n g  a g e  when i n  need 
of a t r a n s f u s i o n ,  s h o u l d  r e c e i v e  Rh n e g a t i v e  b lo o d  i n  o r d e r  t o  a v o i d  
s e n s i t i s a t i o n  t o  t h e  Rh a g g l u t i n o g e n .
-  40 -
I s o - i m m u n i s a t i o n  t o  t h e ' b l o o d  g ro u p  f a c t o r s .  A,  3  and Rh 
have b e en  s t u d i e d  i n  t h e  h u m n  s u b j e c t .
The immune a n t i - A ,  a n t i - B  and a n t i - R h  i s o - a g g l u t i n i n s  w h ic h  
were  p ro d u c e d  a s  a r e s u l t  o f  t h e  i m m u n i s a t i o n  w ere  t i t r a t e d  a t  
i n t e r v a l s  d u r i n g  t h e  immune r e s p o n s e .
The a g g l u t i n o g e n s  w h ic h  w ere  r e s p o n s i b l e  f o r  t h e  p r o d u c t i o n  
of t h e s e  immune i s o - a g g l u t i n i n s  w ere  c o n t a i n e d  i n  (a) t r a n s f u s e d  
e r y t h r o c y t e s ,  (b) t r a n s f u s e d  s e ru m ,  (c)  a f o e t u s  i n  u t e r o .
(a) T r a n s f u s e d  e r y t h r o c y t e s .
Ten c a s e s  have  b e e n  s t u d i e d  i n  w h ich  immune i s o - a g g l u t i n i n s  
were  p ro d u c e d  a s  a r e s u l t  o f  a n  i n c o m p a t i b l e  b lo o d  t r a n s f u s i o n .  
I n  f i v e  o f  t h e s e  c a s e s  immune a n t i - A  o r  a n t i - B  i s o - a g g l u t i n i n s  
w ere  d e m o n s t r a t e d  i n  t h e  se ru m  o f  t h e  r e c i p i e n t .  I n  t h e  
r e m a i n i n g  f i v e  c a s e s  t h e  r e c i p i e n t s  w e re  Rh n e g a t i v e  and immune 
a n t i - R h  i s o - a g g l u t i n i n s  w e re  fou n d  i n  t h e i r  s e r a .  Two c a s e s  
a r e  d e s c r i b e d  i n  w h ic h  a n t i - A ^  i s o - a g g l u t i n i n s ,  a c t i v e  a t  
37^0 ,  w e re  formed i n  i n d i v i d u a l s  o f  g r o u p s  Ag and  AgB i n  
r e s p o n s e  t o  t r a n s f u s i o n  of  A ^ b l o o d .
(b) . T r a n s f u s e d  se ru m
I n  t h i s  s e r i e s  immune a n t i - A  and a n t i - B  i s o - a g g l u t i n i n s  
w ere  p ro d u ce d  a s  t h e  r e s u l t  o f  t h e  t r a n s f u s i o n  o f  se rum  
c o n t a i n i n g  v a r y i n g  am oun ts  of s o l u b l e  A o r  B a g g l u t i n o g e n s .
(c) A F o e t u s  i n  u t e r o
E v id e n c e  o f  i s o - i m m u n i z a t i o n ,  due t o  p r e g n a n c y ,  was 
o b t a i n e d  i n  1 1 8 , ' c a s e s .  Of t h e s e ,  25 immune i s o - a g g l u t i n i n s
-  41 -
w e re  a n t i - A ,  11 a n t i - B ,  79 a n t i - R h  and  3 a n t i - R h g .
C o n t r o l  c a s e s  w ere  i n c l u d e d  i n  e a c h  g ro u p
A s e c t i o n  d e s c r i b i n g  a f a c t o r  c o n t a i n e d  i n  human se rum  w h ic h  
c a u s e s  i n c r e a s e  i n  t i t r e  o f  immune a g g l u t i n i n s . i s  i n c l u d e d .
The o u t s t a n d i n g  f e a t u r e s  of  i s o - i m m u n i z a t i o n  t o  t h e  blood ' 
•group f a c t o r s  A, 3 ,  and  Rh have b e e n  d i s c u s s e d  and a summary o f  
t h e  c l i n i c a l  s i g n i f i c a n c e  of  i s o - i m m u n i z a t i o n  i s  g i v e n  w i t h  
p a r t i c u l a r  r e f e r e n c e  t o  t h e  i m p o r t a n t  r o l e  o f  t h e  a n t i - R h  i s o ­
a g g l u t i n i n  i n  h a e m o l y t i c  d i s e a s e  of  th e  f o e t u s .
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T able la
TITRES OP AK AOTI-Rh ISO-AGQLUTINIK PERFORMED IK 
TRIPLICATE BY V/ORHiRS K.B . AMD B.D.
K.B, B.D.
Serum
D i l u t i o n s A n t i - R h A n t i - R h
1 ; 1 0 c 0 c C C
1 : 2 c c c c c  c
1; 4 c c c c c  c
1 ; 8 . c c c V V V
1 : 16 V V V V V V
1; 32 E E EE EE V EE
1; / 64 (e ) ( e ) E E E E
1 :1 2 8 V? vw gw (+) ( e ) E
1 :2 5 6 - - vw w Yi 79
1 :5 1 2
.
— — -  —
T able lb
TITRATION OP ANTI-A SERUM AGAINST RED CELLS TAKEN FROM THE 
SAME DONOR ON DIFFERENT OCCASION’S .
Serum
D i l u t i o n s 1s t O c c a s io n 2 nd O c c a s io n 3 rd O c c a s io n 4 t h O c c a s io n .
1 : 1 c c c c c c c c
1 : 2 c c c c c c c c
1: 4 c c c c c c c c
1 ; 8 0 c c c c c c c
1 ; 16 c c c c c c c ' c
1: 32 V V V V c c c c
1; 64 V V V V c c c c
1 ; 128 V V V V c c c c
1: 256 V V V V V V V V
1: 512 E + EE E EE EE EE EE EE
1 : 1 ,0 2 4 E E ( e ) (+) E E E E
1 : 2 ,0 4 8 ( E ) 79 79 79 ( e ) E E E
1 :4 ,0 9 6 79 79 - - TV gw (e ) (+) •
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Days a f t e r
Mths a f t e r  
d e l i v e r y  d e l i v e r y .
-  80  t o  -  1 0 1 - 5 6 - 1 0 11 -  20 2 1 - 3 0  H 31 -  60 ^  2 mtha
-8 0 -1 7 -1 3 1 8 3 4 6 7 8 9 10 18 13 14 16 17 21 84 25 89 31 48 47 52 3 4 5





t e s t ­
ed
ai+ 0 >  3 8
131 Rh. Rh+ Rh+ 6 >  3 h r  8 8 8 8 38 38 64 188 16
334 Rh. Rh+ Rh+ 0 >  7 1 8 8 1 I ^ 1
135 Rh- Rh+ Rhi- 0 8 -1 8 1 1 0 0 8 8 8 1 4 4
138 Rh. Rh+ Rh* -8 0 8 9 -4 8 0 0 0 0 0 0 1
°
8 64 3
153 Rh- Rh+ Rh+ 4 >  5 1 8 2 2 1 1 1 1
154 Rh- Rh+ Rh+ 0 >  8 8 8 =
*  a f f e c t e d  w ith  H a em oly tic  D is e a s e ,  t h e r e f o r e  m ost p ro b a b ly  Rh+
T able V i l a . .
TITRATIONS AGAINST STANDARD RH POSITIVE RED CELLS
S e r i a l




D A Y S  A F T E R  D E L I V E R Y
0 14 17 25 60








D i l u t i o n s
Example 1 , Example 2 . Example 3 .
S a l i n e Serum S a l i n e Serum S a l i n e Serum .
1 :1 c G G G G G
1 :2 G G G G G G
1 :4 G G G G G G
1 :8 V G G G G G
1 :1 6  . + V G G G G
1 :3 2 (+) V ' G G G V
1:64 W V V G V V
1 :1 2 8 - + ++ G ++ ++
1 :2 5 6 (+) + G (+) (+)
1 :5 1 2 gw + G w W
1 :1 0 2 4 w (+) V - -
1 :2 0 4 8 - (+) + +
1 :4 0 9 6
1 :8 1 8 2 - -
_____ _________
A nci-R n  
t i t r e  in
TITRE OP SAME AOTI-RH ISC-AQGLUTINIH IN VARIOUS SERA
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
1 :1 V V V V 0 0 V Q V V V V V 7 0 0 . 0 0 0 0 7 0 0 0 0 0 0 0 0 7 0 V 7 0 7 7
1:2 + V V V V V V V V V V 7 7 7 0 7 7 0 7 7 7 o 7 0 0 7 7 0 0 7 7 7 7
1:4 w V + V V V V V V V 7 7 7 7 7 + 7 7 7 7 7 7 7 7 7 + 7 7 7 + (+)
1:8 - + (+) + + V (+) V (+) (+) + 7 7 7 gw 7 7 7 7 7 7 7 7 {+) + +
1:16 - (+) + (+) + (+) (+) (+) (+) + (+) (+) (+) (+) + + 7 (+) 7 ++ + 7 + ( + ) gw + +
1:32 - (+) - gw w (+) gw (+) - - (+) - (+) - + (+) (+) ++ (+) ++ - gw gw
1:64 - w vw - w w n - - - - W - - W (+) + gw - - - W -
1:128 - - - - - - - - - - - - - - (+) - - - - -
1:256
1:512 - -
A m p lif ic a t io n 16 4 16 8 16 16 16 16 16 16 4 8 8 8 8 16 16 4 16 8 4 8 16 4 16 32 64 64 16 16 8 4 8 8 16 16 8
A ntl-R h
TITHE OF SAffi AHTI-RH ISOAGGLUTIHIK IN
-
VAHIC)US SERA.
in  , g g g g 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
29 30
1 :1 g 0 0 y V 0 V V 0 V 0 0 0 7 7 7 7 7
1:2 V V V V V V T V V V V ? V V V V V ; V 7 7 7 7 7 7 7 7 7
1:4 + V ++ ++ + ++ + V V V -  i ,  " 7 7 7 7
++ 7
1 :8 gn V + ++ + { + ) + + + ++ V + 7 + +
1 :16 w + + + ' ( + ) + (+) ( + ) gw M + + + + ++ + + + + + +
1:32 gw gw W w V) gw (+) (+) (+) gw (+) (+) . + ' (+) (+) + (+)
(+) • + + gw (+ )
1 :64 gw + w _ _ w ++ gw . - w gw +  ' . (+ ) W + gw (+ ) (+ )
gw - gw
1 :128 w - - - - - - gw - - - - - (+) ' ' Ttl - - - +
gw w -
vw
1:256 w w \ - - - - - (+ ) -






ABLE X I .
Antl-Rl: T i t r e  in T i t r e  inj Ampli­ A ntl-R h T itr e  in T itr e  in Ampli­
se ra s a l in e serum f i c a t i o n se ra s a l in e serum f i c a t i o n .
1 256 . 2,000 8 24 1 2 2
2 1,000 4,000 4 25 2 4 2
3 256 8,000 32 26 1 2 2
4 4 8 - 2 27 2 4 2
5 16 64 4 28 8 8 0
6 128 256 2 29 1 1 0
7 16 256 16 30 2 4 2
8 32 64 2 31 8 32 4
9 256 512 2 32 32 256 8
10 4 16 4 33 64 256 4
11 64 512 8 34 256 2,000 8
12 4 16 4 35 4 8 2
13 2 4 2 36 128 512 4
14 128 1,000 8 37 256 1,000 4
16 4 8 2 38 64 256 4
16 32 512 16 39 128 1,000 8
17 64 1,000 16 40 64 512 8
18 8 128 16 41 64 256 4
19 1,000 16,000 16 42 256 1,000 4
20 16 64 4 43 64 128 2
" 21 64 1,000 16 44 2 8 4
45 2 16 8
22 1 2 2 46 64 1,000 16
47 1 2 2
23 2 2 0 48 1 8 8
49
____ ... . _
2 8 4
TABLE X I I .
A n t i -R h  
s u b -g ro u p  
s e r a .
T i t r e
i n
s a l i n e
T i t r e
i n
serum
A m p li­
f i c a t i o n
A n ti-R h jC H ) 8 64 . 8
A n ti -R h g  (K) 64 2048 32
A n ti-R h g d ^ g ) 16 64 4
A n tl-R h g  d% ) 16 64 4
A n t i - r h  1 ) 8 32 4
2 ) 16 64 4
3) 16 32 2
1 .BLE XIV. Days a f t e r  I n j e c t i o n ,
A n t i­
body
Serum
d i l ­
B efore i n j e c t i o r Immed :a f t e r 1 day 3 days 8 days 11 days
u t io n S a lin e Serum S a l . S e r . S a l . S er , S a l 1 Ser ( S a l S er , S a l ,S e r .
1 :1 V V c c V V H H H H H Hv1 :2 V V c 0 V c V V H Hv Hv V1 :4 0 c c c c c c c Hv V V V1 :8 c c 0 c c 0 c c cv V V 0
ANTI.
1 :1 6 c 0 V V c V c c c c c n
• 1 :32 c c V ++ c V 0 c 0 c c c1 :6 4 V V + + + V V c c c c c c1 :1 2 8 + + + + ( + ) w + + V V c c V cA 1 :2 5 6 + M gw vw gw ( + ) V V c c V 01:512 ( + ) gw vw - vw gw + + c c V c1 :1 0 2 4  w 
1 :2048  -











c1 :4 0 9 6 ++ c ++ 01:8192


















1 2 6 0 5 4 4 + +
1:521088 gw
1:1042176 ww
1 :1 0 c c c c c c V V V V V1:2 0 c 0 0 0 c 0 V V V V V
ANTI- 1 :4 c c c c c c c c V c c V1 :8 V c 0 V c c c c c c c 01 :1 6 V V V V V V c c 0 c c V
B 1:32 ++ ++ ++ ++ ++ ++ V ++ ++ ++ V V1:6 4 (+) gw + (+) + (+) ++ (+) + + ++ +1 :128
1:256
1:512







vw1 :1 0 2 4 - -
A m p l i f i c a t io n ;  
A n ti-A  0 




J  lABI* XV.
. . . . .  . ..................................................... _  _ _ _  . ________
1 ANTIBODï.
î ■ ;:
l i t r e  i n  
s a l i n e
T i t r e  i n  
serum
A m p l i f i c a t i o n .
1 .  N a t u r a l  a n t i - A  found  
i n  g ro u p  AgB.
16 ' 16 0
2 ,  N a t u r a l  a n t i -A n  found 
i n  g ro u p  A^B
32 32 0
3 ,  A n t i -A  2 p r e p a r e d  from  
g roup  B
8 8 ‘ 0
4 .  Anti-A]^ p r e p a r e d  fro m  
g roup  B
16 16 0
5 .  Immune a n t i -A n  s t i m u l a t e d  
by b lo o d  t r a n s f u s i o n
8 16 2
6 . Immune a n t i - A ^  s t i m u l a t e d  
by  f o e t u s  i n  u t e r o 1
(a) Room te m p e r a tu r e 64 1000 16 1











T I T R ' E  G F A G G L U T I I I I I T S  I N  M A T E  R N A L  SJ e R ü M;
M onths b e f o re  d e l i v e r y Days, a f t e r  d e l iv e r y Weeks a f t e r  d e l iv e r y
8 6 5 4 2 l i 1
l e s s  th a n  
1 Month 0 1 2 4 5 6 7 8 9 10 1 - 2 2 - 4 4 - 6 6 - 8
1 . A 0 A n t l  -  B 256 256 128 120
2 . A A A n ti  -  B 256 256 256 256
3 . A A A n tl  -  B 512 512 1024 256
4 . 0 G A n ti  -  A 











5 . B B A n ti  -  A 256 256 256 256 256
6 . A A A n ti  -  B 128 128 64




8 . 0 G A n ti  -  A 





9 . 0 G A n ti  -  A 





10. A G A n ti  -  B 256 256 128 ,256 256
11. 0 0 A n ti  -  A 





12. 0 G A n t  i  — A 







3 . 0 G A n ti  -  A 





14. 0 G A n ti  -  A 











15. G G A n ti  -  A 









16. 0 G A n ti  -  A 
A n t i  -  B
256
256
512
512
256
256
128
128
